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PREFACE 

This report was prepared by the Energy Technology Division, Oak Ridge National 
Laboratory, P.O. Box 2009, Oak Ridge, TN 37831-8088 , for the Environics Directorate 
(AL/EQ), Suite 2, 139 Barnes Drive, Tyndall Air Force Base, Florida 32403-5319. 

This report describes the thermal treatment of plastic media blasting. Plastic media 
blasting (PMB) is a process employed by the Air Force and others to strip protective 
coatings from aircraft and other equipment. The waste is made up of about 90% plastic 
medium and 10% paint residue, when garnet is not used. The plastic medium, being an 
organic material, can be thermally decomposed into gaseous components that can be 
released, thus reducing the waste to be disposed of to a fraction of the untreated waste. 
The results of a pilot test in a fluid-bed reactor treating two combination streams of PMB 
waste are presented, including life cycle and cost analyses associated with operation. The 
cost analyses indicates the fluid bed reactor thermal treatment process can be cost- 
effective in some cases when compared to direct landfilling. 

The project was initiated under Capt Helen Jermyn and completed under Lt Phil P. Brown 
and Lt Ray A. Smith of AL/EQS at Tyndall AFB, Florida. 
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EXECUTIVE SUMMARY 

A.     OBJECTIVE 

This document provides information regarding the thermal treatment of plastic media blasting (PMB) 
waste generated during aircraft protective coating removal. The information is to help the Air Force 
decide whether and how to install a thermal treatment system for PMB waste generated by Air Force. 

The information addresses six major areas: 

1. Mass and volume reduction of the waste. 
2. Retention and releases of hazardous components and compliance with laws, regulations, and 

guidelines. t   J. ...   t. 
3. Economic analysis, and a restricted comparison with current waste disposal applications. 
4 Cursory environmental impact. 
5 Initial estimate of possible impact of "pending" and other regulatory changes. 
6. A conceptual design report suitable for providing design specifications for a production scale 

unit. 

B.     BACKGROUND 

Plastic media blasting (PMB) is a process employed by the Air Force and others to strip protective 
coatinqs from aiicraft and other components. This process employes plastic particles which are impinged 
on the coatings to remove them. There are several different waste streams generated by the process. At 
Hill Air Force Base, which was used as the sample base, and the source of waste used for testing, the 
waste amounts to an annual mass of approximately 125 metric tons. This waste is a fine powder 
consisting of paint residue and flakes and plastic blasting media. Because this waste contains chromium, 
cadmium and other hazardous components, it is considered a RCRA hazardous waste, and therefore 
must be stabilized to meet regulatory teachability criteria. To reduce the cost and improve the economy of 
plastic media blasting, a reduction in mass and volume of the waste is considered. The waste is made up 
of about 90% plastic medium and 10% paint residue, when garnet is not used with the plastic medium 
The plastic medium, being an organic material, can be thermally decomposed into gaseous components 
that can be released, thus reducing the waste to be disposed of to a fraction of the untreated waste [1,2]. 

An earlier project to treat PMB waste employed a rotary kiln to decompose the organic matter. 
However during the pilot test, the PMB waste foamed and adhered to the kiln chamber. This result is 
unacceptable and a decision was made to use a fluid bed reactor process to thermally decompose the 
PMB waste. 

C.    SCOPE 

The results of a pilot test in a fluid-bed reactor treating two combination streams of PMB waste are 
presented   Included are life cycle and cost analyses associated with operating a fluid bed reactor at Hill 
Air Force Base to treat the PMB waste generated during paint removal. Section I is an overview of the 
Technology. Section II describes and characterizes the waste generated by the PMB operations. Section 
III describes the test protocol, test results, ash stabilization, and cost analysis associated with the fluid bed 
reactor process. Section IV describes a life cycle analysis associated with installation and operation of a 
fluid bed reactor located at Hill Air Force Base. The conclusions and recommendations are listed in 

Sections V and VI. 



D.    PILOT TEST DESCRIPTION 

Samples from the two largest Hill Air Force Base PMB waste streams, designated as B48 and B70, 
were blended toqether to form a representative sample for the pilot testing. The composite waste 
samples were analyzed for elemental composition, heat content, particle size distribution, and total metals. 
The pilot-scale testing of the fluid bed reactor was conducted during a three day penod in September 
1994  The fluid bed reactor used in this study, to process the composite samples, is owned and operated 
bv Hazen Research Inc. of Golden Colorado. The prime parameters that were controlled were bed 
temperature and final oxygen concentration. The waste was fed into the fluid bed reactor at an average 
rate of 10 kg/h. When the waste entered the fluidized bed of silica media, it was combusted into gas and 
ash  The ash was collected using a cyclone separator and a baghouse. The residence time of the 
combustion gas in the fluid bed reactor was about 3.5 seconds in all test cases.   The bed inlet gas 
velocity was maintainee1 at approximately 0.85 m/s in the first two days of test runs. This velocity was 
increased to 0.98 m/s the final day of testing. Process operating data and emission samphng were 
qathered at the operating conditions. Emissions of carbon monoxide (CO), total hydrocarbons (THC), 
oxides of nitrogen (NO,), and sulfur dioxide (S02) were measured as a function of bo h bed temperature 
and off-gas oxygen concentration. Grab samples of the ash were analyzed for particle size distribution, 
bulk density and total metals. The ash captured in the cyclone separator and baghouse from all three 
days of testing was combined to form a sample for stabilization testing. This ash composite sample was 
mixed with varying quantities of fly ash, blast furnace slag, Type II Portland cement, sodium sulfide, and 
water to form a solid structure. Six specimens, each having a different batch formula, were made and 
subsequently tested for metals teachability. 

E.     RESULTS 

The PMB composite waste sample generated at Hill Air Force Base had a mean particle size of 200 
urn and a heating value of 21 MJ/kg. This waste sample contained significant concentrations of cadmium, 
chromium, barium and lead, which are all listed as hazardous by the Resource Conservation and 
Recovery Act (RCRA). Other metals present in significant concentrations included potassium and 
sodium. No problems were experienced during the first two days of operation^ However, dunng the 
higher velocity and higher temperature (third day) operation, visible grains of bed media were observed in 
thfcyclone ash, indicating thata bed velocity of 0.98 m/s was too high. Dunng the th.rd day there was 

alS° ThrashSSSä that the ash recoveries from the cyclone and baghouse were less 
than 85 mass percent. The emission monitoring indicated that the combustion efficiency tended to 
ncrease with increasing temperature or increasing oxygen concentrate. One conclusion is that the fluid 
"ed reactor needs to operate at a minimum bed temperature of 800°C and a min.mum offgas oxygen 
concentration of 7 mole percent in order to meet the regulatory emission limits. 

The majority of the residual ash (greater than 97 mass percent) formed dunng combust.on was 
collected intheCyclone. However, the concentration of metals typically considered to be volatile (mercury, 
Sdmiumtead potassium, and sodium) was higher in the baghouse ash.  All of the ash collectedI was 
NghTSVdnogenic metal content. The teachability tests performed on the ^te^mposit ash showed 
that four of the six batches tested were within the regulatory limits. The results indicated that mixtures 
containing ash, Type II Portland cement and blast furnace slag performed best. 

F.     LIFE CYCLE COST ANALYSIS 

The cost-effectiveness of the thermal treatment option for the disposal of PMB waste is compared 
with the direct landfilling option using a life cycle cost (LCC) analysis. Under base-case assumptions, 
most olwSfch are appropriate for Hill Air Foiie Base, the estimated total LCCs of the thermal treatment 
Td theSion lanPdPf,l.iKg options are $6.4M ($848Aon) and $1.6M <*^£g«"* ™J«£, 
savings associated with thermal treatment, is considered large enough to be more favorable ha.direct 
tendfiHinq in some cases. Most of the life cycle cost for the thermal treatment process is due to capital 
SdSSi^^ndilu«8. A smaller hermal treatment system with a better operatmg factor 

VI 



reduces the total LCC substantially. . «««.«!„« 
LCC analyses indicate that thermal treatment is economically feasible for high waste-processing 

rates and a combination of high T&D cost coupled with low transportation distances (and vice versa) 
Another important consideration is the cost of waste separation. The multiwaste processing capability 
associated with the thermal treatment option can make this opt.on much more cost-effective than direct 

landfilling. 

G.    ENVIRONMENTAL IMPACT ANALYSIS 

A brief and preliminary environmental impact analysis was conducted for a fluid bed reactor thermal 
treatment process and compared with direct landfilling of untreated waste. There are environmental 
concerns associated wit!, both options. A fluid bed reactor thermal treatment process is subject to 
emission regulations by the EPA which are expected to become even more stringent in the future. 

H.     DESIGN AND OPERATIONAL CONSIDERATIONS 

Important design and operational features include the waste profile, operating factor, life cycle cost 
and environmental impact. Each of these features must be considered to license and operate a thermal 
treatment process at a specific capacity. The pilot study showed that fluid bed reactor can be used to 
thermally reduce the volume of solid PMB waste requiring disposal. However, the two key issues that 
determine whether this process is installed will be the life cycle cost and the enviromental regulatory 

climate. 

I.      CONCLUSIONS 

The pilot test demonstrated that the volume or mass of solid PMB waste, such as generated at Hill 
Air Force Base, can be reduced by a factor of 20 by treatment in a fluid bed reactor. During the pilot test 
operation, the reactor met the emission regulatory standards associated with the gaseous combustion 
products  The ash residue formed during combustion can be stabilized to meet regulatory standards for 
teachability by encapsulating the ash in a solid cement-slag waste form. 

The life cycle cost analysis indicates that the fluid bed reactor thermal treatment process can be 
cost-effective in some cases when compared to direct landfilling, even though capital and maintenance 
costs are relatively high. Several environmental concerns exist with therma treatment of PMB was es. 
These concerns need to be further investigated and addressed before installing a fluid bed reactor thermal 

treatment process. 

J      RECOMMENDATIONS 

We recommend that this study be used as a basis for determining whether to thermally treat PMB 
waste to reduce the volume of solids to be disposed. This study includes an economic evaluation with 
ancilliary environmental impact information. There are however, additional concerns that need urther 
consideration. These concerns include: (1) Future outlook of contmued use of PMB and poss.b e 
substitutes (2) Anticipated changes in quantities of waste. (3) Possible regulatory changes. (4) Specific 
focation ninsingconcems, (5) possibility of a regional or even national facility, and (5) lnclus.on of other 
wastes in the treatment. 
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SECTION I 
INTRODUCTION 

OBJECTIVE 

The objective of this study was to evaluate the feasibility and practicality of using a fluid bed 
reactor to reduce the mass or volume of Plastic Media Blasting (PMB) waste requiring stabilization and 
thus reduce cost. This process must meet current and potential EPA emission guidelines, and the treated 
waste must comply with RCRA stabilization requirements. A life cycle cost analysis and a partial 
environmental impact analysis are also included. These efforts will serve to facilitate a decision by the Air 
Force whether to install a thermal treatment system for the PMB waste generated by the United States Air 
Force. 

B.   BACKGROUND 

Plastic media blasting (PMB) is a process used by the Air Force to remove protective coatings 
from aircraft and other components. This process removes coatings from a surface by pneumatically 
impinging a stream of plastic particles to a surface. These particles are used to remove topcoats and 
primers without harming substrates. The plastic media blasting process is used by the Department of 
Defense to replace chemical stripping agents previously used for removing the coatings from military 
aircraft and aerospace components. After several usages the plastic medium and the removed coatings 
end up as waste. The Air Force has several different waste streams which are generated by this process. 
At Hill Air Force Base, which was used as the sample base and the source of waste used for testing PMB 
waste amounts to an annual mass of approximately 125 metric tons. This waste is a powder consisting of 
paint residue and plastic blasting medium. Because this waste contains chromium, cadmium, and other 
hazardous components, it is considered a RCRA hazardous waste, and therefore must be stabilized to 
meet regulatory teachability criteria. To reduce the cost and improve the economy of PMB waste 
management and disposal, a reduction in mass and volume are considered. The waste is made up of 
about 90% plastic medium and 10% paint residue, when garnet is not used with the plastic medium. The 
plastic medium, being organic, can be thermally decomposed into gaseous components that can be 
released, thus reducing the waste to be disposed of to a fraction of the untreated waste [1,2]. 

An earlier project to treat PMB waste employed a rotary kiln to decompose the organic matter. 
However during the pilot test, the PMB waste foamed and adhered to the kiln chamber. This result was 
unacceptable and a decision was made to use a fluid-bed reactor process to thermally decompose the 

PMB waste. 

A survey of the PMB waste generated at Hill Air Force Base was conducted to determine the most 
representative sample for pilot testing. The two largest waste streams consist of paint residue and plastic 
media and are denoted as B48 and B70. Samples from these two waste streams composited to form a 
representative sample for pilot testing. A third waste stream, B50, contains paint chips,J^ "ffffi 
medium, and approximately 50 mass percent garnet. The B50 waste was charactenzed as part of this 
study, but was not included in the pilot testing. 

A pilot-scale fluid bed reactor was used to treat the PMB waste samples. The reactor ran for 
three days under various operating conditions. During testing, the emissions were mo^d'an(i}^e

n. 
residual ashes were collected and analyzed. The ash was mixed with stab.hz.ng agents stabilized, and 
tested for metals teachability. The stabilization results are further descnbed in a report by Focus 
Environmental, Inc. [1]. 

C. SCOPE/APPROACH 

The approach involved selecting a representative sample for testing. It was decided that the 
representative sample would consist of the two types most commonly used at Hill Air Force Base. The 

1 



two waste streams selected do not contain inert filler, such as garnet. The fluid bed reactor, used in this 
pilot-study is owned and operated by Hazen Research, Inc. of Golden Colorado. This reactor was 
equipped with emission monitors and controls as well as sampling equipment in order to monitor and 
evaluate the process during operation. 

The pilot-scale test program consisted of three days of testing, 12 hours per day each. The key 
test parameters that were varied during the pilot-test were bed temperature and offgas (exit) oxygen 
concentration. The target bed operating temperatures were 760, 870, and 980 °C which were maintained 
at day 1 day 2 and day 3 respectively. The pilot process was operated at three off-gas oxygen 
concentrations (5.5, 7.0, and 9.0 mole percent) for each bed operating temperature. Process emissions 
were monitored during each test condition. 

The resulting ash residues from the 3 days of testing were analyzed and combined for stabilization 
testing. The ash was mixed with several stabilizing agents in varying amounts and it was determined that 
the EPA metals teachability test requirements can be met. 

Analyses of life cycle costs and environmental impact were performed to provide additional 
information needed to decide whether to employ a thermal treatment process to manage the PMB waste 
streams  The cost savings associated with operating a thermal treatment process are more favorable 
than direct landfilling in some cases. This is especially true for high waste-processing rates and high 
treatment and disposal (T&D) costs coupled with low transportation distances. However, because the 
waste generation rate for Hill Air Force Base is low (123 tons annually), thermal treatment may not be cost 
effective when limited to this application. The environmental impacts associated with thermal treatment 
and direct landfilling are inconclusive but it is reasonable to expect that regulations governing landfill 
disposal will become stricter, thereby making thermal treatment a more desirable option. 



SECTION II 
WASTE PREPARATION 

A. WASTE DESCRIPTION 

Hill Air Force Base in Davis County, Utah was selected by the Air Force as a sample PMB user 
and waste generator. This base generates approximately 125 metric tons of this waste annually. Hill Air 
Force Base uses predominantly urea formaldehyde (Type II) and acrylic (Type V) as the stnppmg medium. 
The majority of the spent media goes into one of four different waste streams, which are denoted as 
follows: 

B48 waste - contains Type II media and coating residue 
B49 waste - contains Type II media, coating residue, and about ten mass percent garnet or silica 
B50 waste - contains Type II media, coating residue, and between 50 and 80 mass percent garnet 
B70 waste - contains Type V media and coating residue 

The waste streams B48 and B70 consist only of paint chips and the plastic blasting media, while the other 
two streams contain varying concentrations of inert materials such as garnet or silica. The B48 and B70 
wastes accounted for approximately 40 and 28 mass percent of the total PMB wastes generated in 1993, 
respectively  Because the other two wastes contain noncombustible waste matenals, it was decided to 
make a representative sample for testing from the B48 and B70 waste streams [1]. 

B. WASTE PREPARATION AND CHARACTERIZATION 

Samples of tne B48 B70, and B50 wastes were obtained from Hill Air Force Base. Samples B48 
and B70 were blended together to obtain representative waste sample for testing. This composite sample 
consisted of 46 mass percent B70 and 54 mass percent of B48 which was well blended. The B50 and 
composite waste samples were analyzed for particle size distribution and elemental contents (metals). 
Another set of samples were combusted in a muffle furnace and the residual ashes were analyzed for 
elemental analysis. Cadmium, chromium, barium, and lead, which are regulated by RCRA for their 
teachability were present in significant concentrations as shown in Table 1. These metals are 
components of the aircraft protective layers that are being removed. Other elements present in significant 
concentrations included potassium, sodium, sulfur and phosphorous. The fusion temperature was also 
determined for the waste ash. In an oxidizing atmosphere, the ash began melting at 1275 C and became 
fluid at 1385 °C   Because these temperatures are substantially higher than the planned operating 
temperature of the fluid bed reactor, the melting of the residual ash from the waste blend was not 
expected to be a concern. A thermogravimetric analysis was performed on the composite waste sample 
which indicated that significant mass loss occured between 250 and 600 °C which resulted in a final solid 
product that was equivalent to approximately 4.5 percent of the starting mass [1]. 

Another sample of the waste was used to determine the explosive characteristics of the waste 
dust in air The results [1] indicated that the waste dust may explode under certain conditions  The 
maximum pressure produced during the test (77 kPa) indicates that all dust-containing vessels should be 
qrounded and fitted with an explosion relief vent. However, because the resulting explosion was classrfied 
as weak the size of the relief vent may be small. The test results also indicated that the waste powder is 
relatively insensitive to electrostatic charges. Therefore, there is no need for operators to wear antistatic 
clothing   We do recommend, however, that the pneumatic transfer line to the fluid bed reactor be 
electrically conductive and grounded. 



Table 1. Metal Content of Roasted Waste Samples 

Important metal B48/B70 Waste composite B50 Waste 

impurities 
Initial waste Ash Initial waste Ash 

RCRA listed hazardous metals, ppm 

Cadmium 985 5000 85 500 

Chromium 1100 24450 440 550 

Barium 1250 325 245 320 

Lead 320 28700 725 940 

Other metals, ppm 

Aluminum 3750 29500 74050 106500 

Calcium 1000 26750 5200 8660 

Iron 1680 30800 165000 239500 

Magnesium 245 17900 8535 12800 

Silicon 7350 128000 83700 127500 

Sodium 150 1275 255 430 

RCRA = Resource Conservation and Recovery Act 



SECTION III 
PILOT TEST DESCRIPTION AND EXECUTION 

A. BED MEDIA SELECTION 

Various inert bed materials are used in fluid-bed combustion processes, the two most common 
are alumina and silica. Silica is used because it is readily available and inexpensive, while alumina is 
used in situations where the ash and silica react with one another. Several tests were performed on silica 
and alumina media to determine which to use during the pilot testing. Cold flow fluidization tests were 
performed with silica and alumina media to deterimine the gas flow necessary for optimum fluidization. 
Tests were conducted using a laboratory-scale glass fluid-bed vessel equipped with a cyclone and 
baghouse to contain fine particles that escape the fluid-bed vessel. The fluidization study showed that the 
optimum fluid characteristics correlated with an air velocity of approximately 0.76 m/s and 0.61 m/s for 
silica and alumina respectively. Carryover of the bed media was 0.03 mass percent for the silica media 
and 5 5 mass percent for the alumina. Silica was selected because the gas velocity was higher and the 
bed medium carryover was less. A high air velocity is desirable because this allows more oxygen for 
combustion resulting in higher feed capacities. Differential thermal analyses were also performed on the 
silica media and the composited waste ash to determine whether the ash would react with the silica during 
combustion  These results gave preliminary indications that the waste ash and silica would not interact 
detrimentally. As a result of these tests, silica was selected as the fluidizing medium for the pilot scale 
fluid bed tests [1]. 

B.     DESCRIPTION OF TEST EQUIPMENT 

Fiqure 1 is a flow diagram of the pilot-scale waste-processing system used in this study. The pilot- 
scale process consisted of four major components: (1) waste-feed system, (2) fluid-bed reactor, (3) 
cyclone separator and baghouse, and (4) process monitoring instrumentation. All of the components 
were constructed of materials designed to withstand operating conditions. 

1. Waste-Feed System 

A hopper with a capacity of 0.03 m3 was used to store the test waste powder. The waste was 
discharged from the hopper via a rotary valve to a constant-speed screw feeder. This sc!ew^er was 
equipped with a 5 cm diameter screw which transfered the waste from the discharge of the rotary valve to 
a 1 3 cm diameter transport line. The waste material was pneumatically conveyed through the transport 
<ine to the fluid bed reactor. The fluid bed reactor was operated under a positive pressure and the rotary 
valve located at the hopper discharge prevented backflow. The feed rate was controlted by varying he 
speed of the rotary valve and was determined by measuring the mass change of the hopper per unit time. 

2. Fluid-Bed Reactor 

The fluid-bed reactor contains the chamber in which the organic part of the waste is thermally 
decomposed into gaseous products. The waste combustion system had a windbox, fluidized bed, and 
freeboard. The three components were lined with refractory insulation and joined together. 

The windbox is an L-shaped cylindrical chamber used to provide a space to preheat ambient air, 
which serves to preheat the fluidizing media at start up. The waste material had sufficient heat content to 
sustain the reactor at the desired temperature. The windbox burner was used only dunng startup. 

The fluidized-bed combustion chamber was cylindrical, 38 cm in diameter and approximately 
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152 cm tail. The chamber held 160 kg of silica bed media. Waste was fed continuously into the chamber 
through a port located above the base of the fluidized bed. 

The freeboard zone is designed to provide additional residence time for completion of 
combustion and to minimize carryover of the bed medium exiting the reactor chamber. An air pollution 
control system was mounted at the top exit of the freeboard. 

3. Air Pollution Control 

The air pollution control system consisted of a cyclone separator, dry quench, baghouse, 
induced draft fan, and stack. The purpose of the cyclone separator is to remove particles from the 
combustion gas exiting the fluid bed reactor. The coarse particles are discharged and contained within an 
enclosed collection canister. After exiting the cyclone, the gas entered the dry quench. The dry quench 
consisted of a series of heat exchangers, whose purpose was to cool the combustion gases so they could 
be handled by the baghouse. The baghouse was used as a final paniculate removal device. It consisted 
of fiberglass bags which served as filters. An induced draft fan was used to maintain the air pollution 
control system under negative pressure and to draw the cleaned combustion gas from the process [1]. 

4. Process Monitoring System 

The temperatures and gas pressures were measured continuously at various points of the 
process. The locations of the monitoring instruments are shown in Figure 2. The combustion gas was 
continuously sampled at the outlet of the baghouse and analyzed for 02, C02, CO, S02, total 
hydrocarbons and NOx. The pilot-scale facility was equipped with on-line instrumentation to obtain 
process operating data. Process temperatures and gas composition data were monitored and recorded 
continuously. A data acquisition system was used to monitor and record selected process data. 

C.    TEST METHODOLOGY 

1. Shakedown Testing 

Two days of shakedown testing were conducted. The shakedown testing allowed for 
familiarization with the system and process adjustments and fine tuning. 

2. Experimental Test Matrix 

The test program involved 3 days of testing. A test run consisted of operating the process for 
12 hours followed by overnight shutdown. Each test consisted of startup, operation, shutdown, and 
sampling  The key control parameters were the bed temperature and offgas oxygen concentration as 
shown in Table 2. The target bed operating temperatures were 760, 870, and 980 °C in that order. The 
process was operated at three offgas oxygen concentations (5.5, 7.0, and 9.0 mole Percent) for each bed 
operating temperature. For each test condition, emission samples were measured for CO, S02, total 
hydrocarbons and NOx. For those test conditions which corresponded to an oxygen level of 7.0 mole 
percent, additional measurements were taken for metals, particulates, volatile organics, semivolatile 
organics, dioxins and furans, chlorine, and hydrogen cyanide (HCN). 
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Table 2. Experimental Design Test Matrix 

Bed temperature 

760°C(day1) 870 °C (day 2) 980 °C (day 3) 

Offgas 
oxygen 

concentration 

5.5 5.5 5.5 

7 7 7 

9 9 9 

3.     Experimental Procedure 

The test was started by heating the reactor and allowing it to reach the target temperature.  The 
waste feed and air flow rates were adjusted to maintain off-gas oxygen concentration. The bed 
temperature was maintained by adjusting the injected bed (cooling) water rate. The system was run for at 
least one hour at steady state to record offgas concentrations.  The respective first runs were begun at 
oxyqen exit concentrations of 5.5 mole percent. After collecting data at the lowest oxygen off-gas 
concentration (5.5 mole percent), the waste feed rate was decreased until the oxygen concentration 
reached approximately 7.0 mole percent. The cooling water feed rate was reduced in order to maintain 
the bed temperature  The airfow was held constant to maintain fluidization. Following 30 minutes of 
steadv state operation the off-gas emissions were sampled. Sampling was performed at the baghouse 
outfet  Thesampling procedures followed the guidelines of EPA Method 0030 for volatiles (SW846 Third 
Edition 1986) and Method 0010 for semivolatiles, dioxins, and furans. The process was repeated for off- 
gas concentration of approximately 9.0 mole percent.  At the end of each test run, a sample of the bed 
medium was taken and analyzed for particle size distribution, bulk density, and total metals. The tests 
were repeated at each of the three bed test temperatures. 



SECTION IV 
TEST RESULTS 

A.     PILOT TEST OPERATION 

A summary of the fluid bed reactor pilot test operating data is presented in Table 3. 

Table 3. Pilot Test Operating Data 

Day 1 Day 2 Day 3 

Test parameter 
Run 

1 
Run 

2 
Run 

3 
Run 

1 
Run 

2 
Run 

3 
Run 

1 
Run 

2 
Run 

3 

Fluid bed reactor 

Thermal duty, GJ/h 0.25 0.21 0.18 0.22 0.20 0.18 0.25 0.21 0.17 

Waste feed rate, kg/h 12.0 10.1 8.7 10.3 9.4 8.4 11.8 10.1 7.9 

Air flow rate, m3/min 1.23 1.22 1.25 1.12 1.12 1.12 1.21 1.19 1.14 

Inlet gas velocity, m/s 0.88 0.85 0.88 0.85 0.85 0.85 1.01 1.01 0.94 

Bed temperature, °C 779 780 775 879 877 876 965 967 965 

Bed inlet pressure, kPa 110 110 110 110 110 110 110 110 110 

Bed residence time, s 1.8 1.8 1.7 1.8 1.8 1.8 1.5 1.5 1.6 

Bed pressure drop, kPa 7.3 7.5 7.2 7.1 7.1 7.1 7.2 73 7.2 

Baghouse 

Inlet gas temperature, °C 194 179 188 171 183 178 188 190 183 

Pressure drop, Pa 12 12 12 12 12 12 12 12 12 

1. Waste Feed Rates and Thermal Duty 

The average waste feed rate for the three days of testing was approximately 10 kg/h. This 
value corresponded to an average thermal duty of approximately 0.21 GJ/h. The residence t.me of the 
combustion gas was determined to be about 3.5 seconds. 

There were no significant problems with the pneumatic transfer of the waste material to the fluid 
bed reactor Thewaste-to-Iir mass ratio in the transfer line was 3.3 kg/kg or 3.7 kg/m3 waste mass to a.r 

volume flow rate. 

2. Bed Gas Velocity Measurements 

The bed inlet qas velocity was maintained at approximately 0.85 m/s for the first two days of test 
runs The veS was increased to approximately 0.98 m/s on the final day of testing. No problems were 
^JS^dS^^StNO test runs; however, during the third run, bed media was collected from the 
cycTe ash  This suggests that the bed velocity was too high during the third run. The results .nd.cate 
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that a velocity of 0 85 m/s is preferable, although no flow velocity optimization was done. Higher waste 
feed rates and associated air flow rates increase the reactor utilization. 

3. Ash Recoveries 

The mass of ash fed into the process for each test was determined by multiplying the ash 
concentration of the waste feed (4.5 mass percent) by the total mass of waste material fed into the 
Drocess  The ash reclaimed from the cyclone and baghouse contained some of the silica bed media 
which had to be removed to obtain an accurate ash mass. The actual ash recovenes were determined to 
be less than 85 mass percent. This implies that ash had accumulated in the bed media. The bed medium 
was visually discolored, which further indicates that the ash was contaminating the bed medium particles. 

The colleciio; efficiency of the cyclone was determined by comparing the mass of ash collected 
from the cyclone with the total ash captured. The collection efficiency averaged 97 percent for all of the 
test runs. 

4. Bed Medium Characterization 

The mean particle size of the starting bed medium was between 490 and 520 um. After the 
test the size range of bed particles was between 212 and 850 urn. Samples of bed medium taken at 
various times during the test showed that the particle sizes and metals concentration tended to increase 
with processing time. These results indicate that the bed media became increasingly contaminated with 
the waste ash during pilot testing. 

Bed modifiers are often added to fluid-bed systems to protect bed media against agglomeration 
with the ash, examples include kaolin clay. The results indicate that a full-scale process must be 
equipped with the capability of adding a bed modifier to prevent or minimize agglomeration of the bed 

media. 

B.     BAGHOUSE CONTINUOUS EMISSION SAMPLING 

The offqas from the process was monitored continuously for 02, C02, CO, NOx, S02, and total 
hydrocarbons. The last four are criteria pollutants that impact the permitting of a full-scale process. The 
pilot test evaluated the effect of bed temperature and offgas 02 concentrations on the offgas 
concentrations of these four criteria pollutants. 

1.     Carbon Monoxide and Total Hydrocarbons (THC) 

Carbon monoxide and total hydrocarbons are indicators of combustion efficiency. The 
reaulatory limit for CO for combustion systems is 100 ppm on a 60 minute rolling average basis. Under 
the boiler and industrial furnace regulations, combustion systems processing hazardous waste must meet 
the 100 ppm CO limit or an alternative 20 ppm THC limit. The THC limit is evaluated on the same basis 

as CO. 

Combustion efficiency typically increases with increasing combustion temperature or increasing 
oxvqen concentration in the combustion chamber. The results from the pilot test supported this 
statement  Figure 3 represents the CO concentrations in the offgas as a function of bed temperature and 
offgas 02 concentration. The test cases performed at the lower 02 concentration, (5.5 moles percent) 
exceeded the 100 ppm CO limit, while the tests performed at 02 concentrations of 7.0 and 9.0 mole 
pS were within the required CO limit. However, the data indicate that best operat.ng,conditions 
Secured for bed temperatures higher than 800°C and offgas 02 concentrations greater than 7.0 mole 
percent in order to be safely within the required limit. 
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The THC monitor was not functional during the second day of testing (bed temperature of 877 
°C)   But it was noted that the THC results from the first and third days exhibited the same trend as the 
offgas CO concentration. All of the test conditions were well within the THC limit except for the test case 
corresponding to a bed temperature of 779°C and offgas oxygen concentration of 5.7 mole percent. 

2.     Oxides of Nitrogen and Sulfur 

Emissions of NO„ were generated from the nitrogen in air (thermal NOx) and also the nitrogen 
oresent in the waste feed (fuel NOx). Thermal NOx formation is primarily a function of the combustion 
chamber temperature, while the fuel NOx formation is a function of the combustion chamber temperature, 
nitrogen concentration in the waste, and the oxygen concentration in the offgas. 

Nitrogen oxide emissions are regulated under the National Ambient Air Quality Standards 
(NAAQS) program implemented through the Utah Air Pollution Regulations. Under the NAAQS program, 
a fluid bed reactor located in Davis county must not generate over 36 metric tons of either NO, or S02 

annually. 

The NO stack emissions were calculated to be 1.83 grams of N0X for each 100 grams of waste 
feed   For the 125 metric tons of waste generated annually at Hill Air Force Base, this amounts to less 
than 3 metric tons of NO, annually. This is well below the significant net emissions increase as stated by 
NMQS   SSr FoVce Base can probably, process up to 1500 metric tons of PMB waste annually and 
Texceed he 36 metric ton limit  The S02 emissions amounted to less than 0.5 metnc tons generated 
annually from processing 125 metric tons of waste. This also is well within the significant net emiss.ons 
standards set by NAAQS [1]. 

400 Bed Temperature 

778 C  —*— 

966 C 

877 C 

Offgas oxygen concentration, mol% 

Figure 3. Offgas CO Versus Offgas Oxygen Concentration 
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C.    STACK PERIODIC EMISSION SAMPLING 

Stack sampling trains were used to measure the off-gas concentrations of volatile organics, 
semivolatile organics, dioxins and furans, particulates, metals, hydrogen chloride/chlorine (HCI/CL2), and 
hydrogen cyanide (HCN). 

Table 4 presents a summary of all stack sampling results for each test run. The results are listed as 
concentrations on a dry basis at standard conditions and corrected to 7 mole percent oxygen. The 
projected annual emissions from a full-scale process operating at a nominal capacity of 225 kg/h are 
presented in Table 5. The projected emissions were calculated by scaling up the emissions from the 
second day of testing (bed temperature of 870 °C), the most desirable condition for operation. The 
projected emissions are compared to current and potential regulatory limits. 

1.    Volatile and Semivolatile Organics 

The five volatile organic compounds consistently detected by the sampling train were 
chloromethane, acrylonitrile, benzene, toluene, and styrene. These compounds were at relatively low 
concentrations throughout the sampling. The projected emissions of the volatile organics were several 
orders of magnitude less than the permitted values. 

Table 4. Summary of Fluid Bed Reactor Continious Emission Monitoring System (CEMS) Data 

■ Day 1 Day 2 Day 3 

Test parameter 
Run 

1 
Run 

2 
Run 

3 
Run 

1 
Run 

2 
Run 

3 
Run 

1 
Run 

2 
Run 

3 

Stack Emissions 

Oxygen, mol.% 5.7 7.1 9.4 5.8 7.0 9.1 5.1 7.0 8.9 

Carbon dioxide, mol.% 13.3 12.0 10.1 13.1 12.2 10.2 13.7 11.6 9.8 

Carbon monoxide, ppm 353 99 41 114 61 16 197 39 14 

Oxides of nitrogen, ppm 416 515 630 593 665 751 672 808 858 

Sulfur dioxide, ppm 57 21 27 88 36 52 90 88 80 

Total hydrocarbons, ppm 21 7 1.4 NM NM NM 9 4 0 

Conversion, mass% 

Waste nitrogen to NOx NM 2.5 NM NM 3.5 NM NM 3.8 NM 

Waste sulfur to S02 NM 27.2 NM NM 51.1 NM NM 71.1 NM 

NM = not measured 

The most abundant semivolatile organic compound was b.s(2-ethylhexyl)pthla ate which is a common 
product of incomplete combustion when burning plastic materials. Other sem.volat.les ^twere detected 
were phenol, napthalene, and di-n-butylpthalate. The calculated em.ss.on of these compounds are 
several orders of magnitude below the permitted values. 
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2.     Metals 

The most abundant semivolatile organic compound was bis(2-ethylhexyl)pthlalate which is a 
common product of incomplete combustion when burning plastic matenals. 

The metal emissions are a function of the concentrations in the waste feed and are typically 
present in the particulates and not the gases emitted during combustion. Three of the detected metals 
(arsenic cadmium and chromium) are considered carcinogenic. The projected emissions for these 
metals, äs well as for lead and barium, were well below the allowable regulatory limits. 

The system retention efficiencies of the cyclone and baghouse for the three carcinogenic metals averaged 
greater than 99.95 percent. 

3.     Particulates 

The offgas concentrations of particulates averaged 18.2 mg/m3 corrected to 7 mole percent 
oxvaen in the off-gas. As shown in the table this is well below the current regulatory limit of 18.5 mg/m 
imposed under 40 CFR 264, Subpart 0. However, the EPA is currently considenng lowering the 
particulate emission limit to 11.58 mg/m3. When evaluating the particulate emissions, it is important to 
keep in mind that the bags used in the pilot test were new. Over time, a dustcake forms on the inside of 

4.     Dioxins and Furans 

The offgas concentrations of dioxins and furans ranged from 6.5 to 40.2 ng/m   or 0.14 to 
0 64 ng/m3 depending on whether they are expressed as dioxins and furans or expressed as 
tetrachlorodibenzo(para)dioxin (TCDD) equivalent [1]. 

Studies conducted by the EPA have shown that increased residence time of combustion 
offgases between 232 and 454 °C correspond to increased emissions of dioxin and furans (USEPA, 
Municipal and Waste Combusiton Study: Combustion Control of Organ» Emissions", EPAAK£SW-87- 
021C NTIS Order No. PB87-206090). The Hazen pilot process was equipped with an uninsulated 
cvclone separator and water cooled heat exchanger. This equipment allowed the offgas to linger in the 
Seratore rahge that is optimum for dioxin and furan formation. A full-scale process could be designed 
ffi^lS%ne tomaintain offgas temperature above 454 -C prior to en tenng a p artia1 quench. 
The partial quench would rapidly cool the combustion gases to temperatures less than 232 C .reducing 
the residence time at the optimum temperature for dioxin and furan formation, and thus reducing the off- 
gas concentration of dioxins and furans below the regulatory limit (1 ]. 

The EPA regulatory standard associated with the emissions of dioxins and furans is the "6-nines 
Destruction and Removal Efficiency" imposed on facilities that process dioxin containjnj, waste. This hmit 
aDPlies to dioxin containing wastes and not to plastic media blasting waste per se. Limits being 
Sderelaw!54to97ng/ms for total dioxin and furans and 0.12 to 0.17 ng/m3 expressedas 
SrachtoradSr^opVra) dtoxin (TCDD) equivalents. Total (dioxin and furan) and TCDD equ.vatondata 
from the™ test runVat the higher bed temperatures were within these anticpated limits.Ajnalready 
dtomedVan appropriately designed full-scale process is likely to have lower em.ss.ons of d.ox.ns and 

furans [1]. 

5.     Hydrogen Chloride/Chlorine 

Emissions of chlorides as HCI/CI2 averaged approximately 55 mg/m3 (dry standard) or 4 g/h. 
The emiss^s ra fiscale process are projected to be 115 g/h, which is well below the current and 

potential regulatory limit [1]. 

14 



Table 5. Comparison of Projected Full-Scale Emissions to Regulatory Limits (for 125 t/a) 

Compound 
Projected 
emissions 

Curent regulatory limits 

Value Source 

Potential regulatory 
limits 

Value 

Volatile organics, g/h 

Chloromethane 

Acrylonitrile 

Benzene 

Toluene 

0.041 

0.024 

0.343 

0.017 

NM 

NM 

NM 

NM 

2333 

125 

1000 

250000 

Semivolatile organics, g/h 

Phenol 

Napthalene 

Di-n-butylphthalate 

bis(2-Ethylhexyl)phthalate 

0.175 

0.819 

0.004 

10.8 

NM 

NM 

NM 

NM 

25000 

83 

41667 

13917 

Source 

BIF 

BIF 

Utah 

BIF 

BIF 

BIF 

Utah 

Utah 

Barium 0.07 41667 BIF 41667 BIF 

Lead 0.068 75 BIF 75 BIF 

Arsenic 0.001 1.9 BIF 1.9 BIF 

Cadmium 0.121 4.7 BIF 4.7 BIF 

Chromium 0.063 0.7 BIF 0.7 BIF 

Miscellaneous emissions 

Paniculate, ug/m3 18100 185300 RCRA 11600 CETRED 

HCI/CI2, g/h 113.5 1816 RCRA 333 BIF 

Cyanides, g/h 0.314 NM 16700 BIF 

Total PCDD/PCDF, ng/m3 6.5 NM 5.4-9.7 CETRED 

TCDD equivalent, ng/m3 | 0.12 NM 0.12-0.17 CETRED 

NM = not measured- BIF = Boiler and Industrial Furnace regulations; Utah = State of Utah Air Toxics 
Pdicv CETRED = Combustion Emission Technical Resource Document; TCDD = tetrachlorod.benzo 
(para)dioxin; PCDD = polychlorinated dibenzo-p-dioxins; PCDF = polychlorinated d.benzofurans; 
RCRA = Resource Conservation and Recovery Act 

The estimated HCI/CI2 emission rate from a 227 kg/h full-scale unit based on the pilot.test-data 
is 0.1 kg/h  The current regulatory limit for emissions of HCI is less than 1.82 kg/h or greater than 99 
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percent removal. Therefore the pilot test data shows that the full-scale process would comply fully with 
the current regulatory limit for emissions of Hcl [1 ]. 

the baas which reduces the particulate emissions. It is possible that the pilot test would have met the 
proposed new limits with conditioned bags. However, the present data indicates that a wet electrostatic 
precipitator may be required if the lower limits are imposed. 

6.     Hydrogen Cyanide 

The nitrogen content of the organic plastic media provides the potential for generation of 
hvdroqen cyanide (HCN). Combustion of plastics containing organic nitrogen may produce measurable 
Quantities of HCN, particularly at temperatures below 760°C. The pilot test results ind.cate HCN was 
generated at all three test runs. The HCN emissions decreased with increasing bed temperature. The 
projected emissions of HCN for a full-scale unit, processing waste at 227 kg/h, are well below the 
allowable levels derived from the Reference Air Concentration from the Boiler and Industnal Furnace (BIF) 

regulations [1]. 

D.     RESIDUAL ASH CHARACTERIZATION 

The primary residues produced during the pilot test were the ash collected in the cyclone and in the 
baghouse  The majority of the ash (greater than 97 percent) was collected in the cyclone.SamPlefn

from 

the two sites were collected from each test and analyzed for particle size distnbution, bulk density, and 

metals content. 

A summary of the particle size distribution using a sieve analysis is presented in Table 6  The results 
indicate that the mean particle size of the cyclone ash (65 to 100 urn) appeared to be slightly 'ess than the 
baqhouse ash (135 to 170 um). The fact that the baghouse ash particles were larger than those from the 
cyclone suggests that the particles in the baghouse agglomerated. The particle size analyses of the 
cyclone ash indicates bed medium carryover. 

A summary of the metals analysis for the ash samples is shown in Table 7. The metals content of 
the untreated waste and the roasted ash from the pre-pilot test are included in the tabte for reference. 
The concentration of volatile metals such as mercury, cadmium lead   potassium and ^.um were 
higher in the baghouse ash than in the cyclone ash. This is attnbuted to the volatility of the metals. 

The silicon content of the cyclone ash was higher than that of the starting waste feed, which confirms 

that there was bed carryover. 

E.     STABLIZATION TEST RESULTS 

The PMB waste is considered RCRA characteristically hazardous waste because of the leachability 
of certain metals. These same metals remain in the ash, at now higher concentrations  The ash 
generated in the fluid bed reactor is classified as charactenstically hazardous waste and must be 
managed accordingly. 

Materials that are hazardous due to teachability of metals must be stabilized as required by 40 CFR 
268 (Land Ban). An important objective of the pilot study was to determine whether the ash can be 
stabilized and meet the teachability requirements. 

The stabilization requires additions of binding materials which increases the mass to be disposed 
The slabiSon tests were to determine the principle ability to stabilize. No optimization for either cost, 

mass or volume were undertaken. 

Ash collected from the cyclone and baghouse from each test run were blended together to form a 
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representative composite sample for stabilization. This waste composite blend was analyzed according to 
the Toxicity Characteristic Leaching Procedure (TCLP) identify the baseline leachability of metals 
contained within the sample. Results from this test are presented in Table 7. The results show that the 
waste ash exceeds the allowable limit for cadmium and chromium. 

The waste ash was mixed with various materials used to stabilize metals. These materials included 
Type II Portland cement, fly ash, and blast furnace slag. A total of six different mixtures were made and 
mixed with water to form a slurry. Each slurry was placed into a mold and allowed to cure for 
approximately eight days. After curing, each specimen was analyzed using the TCLP test. 

Four of the six mixtures had leachability values below the regulatory limits. Three of these contained 
Type II Portland cement and ground blast furnace slag. The lowest bulking factor for a specimen passing 
the TCLP leaching criteria was approximately 1.8 grams of added mix per gram of ash. 

Table 6. Ash Particle Size Distribution 

Particle size (urn) 

149 

74 

37 

30 

25 

20 

12 

1.3 

Mean particle size 

Cumulative mass percent passing through sieve 

Cyclone sample 

62.5 

55.8 

47.0 

43.6 

42.0 

38.9 

30.2 

21.1 

11.2 

2.9 

1.1 

55-60 

Baghouse sample 

87.5 

87.3 

87.2 

87.1 

87.0 

86.9 

86.5 

85.7 

71.0 

41.1 

20.0 

2-3 
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Table 7. Summary of Ash Metal Analytica Results 

Metal analyte 

TCLP values (mg/l) 

Ash 
sample 

Sample 
#1 

Sample 
#2 

Sample 
#3 

Sample 
#4 

Sample 
#5 

Sample 
#6 

Regulatory 
limit 

Arsenic <0.20 <0.29 <0.29 <0.58 <0.58 <0.58 <0.58 5 

Barium 0.8 1.2 1.2 1.2 2.6 2.2 1.8 100 

Cadmium 288 140 < 0.025 0.03 < 0.025 < 0.025 < 0.025 1 

Chromium 32.5 0.16 9.9 0.12 2.2 0.52 0.22 5 

Lead <0.50 400 0.28 0.3 0.32 <0.28 <0.28 5 

Mercury 0.0003 0 0 0 0 0 0 0.2 

Selenium <0.03 <0.50 <0.36 <0.71 <0.71 <0.71 <0.50 5 

Silver <0.03 <0.36 <0.50 <0.50 <0.50 <0.50 <0.50 1 

Stabilization sample mixture components (mass %) 

Type II Portland cement 30 25 28.6 4.3 10 40 

Fly ash 0 5 7.1 0 0 0 

Blast furnace slag 0 0 0 38.5 90 360 

Sodium sulfide 0 0 7.1 0 0 0 

Water 41.5 41.5 48.4 42.1 60 147.5 
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SECTION V 
LIFE CYCLE COST ANALYSIS 

The cost-effectiveness of thermal treatment and disposal of PMB waste (thermal treatment option) 
was determined using life cycle cost (LCC) ana.ysis. An LCC analysis was also performedfor the ex.st.ng 
off-site landfill disposal (direct landfill option) and compared against the thermal treatment option. The 
analyses assümesthat the PMB waste will be treated on-site, and the ash will be transported off-site for 
stabilization and disposal. The disposal site (RCRA Subtitle C landfill) is considered to be the same for 
either option [3]. 

A.     METHODOLOGY 

The LCC analysis of the thermal treatment option includes the capital, operation, and maintenance 
costs of the fluidized bed reactor; the cost of transporting the residual ash to landfills; and finally the cost 
of treating and disposing of the residual ash. This assumes that the waste management fa^«? jjbitae 
and dispose of residuals on-site and do not incur additional transportation costs. The.quantity£ ash to be 
disposed using this option may range from 4 to 68 mass percent of the waste, depending on tje waste 
typa The LCC analysis of the landfill option includes only the costs of transportation, stabilization, and 

disposal of wastes. 

The LCC was estimated using the net present value (NPV) methodology. Using the NPV 
methodology, the life cycle cash flows are discounted to the present and summed over the life of the 
eauioment  The LCC was calculated in terms of total and per ton bases. Analyses were done in 1994 
constant dollars and using the real discount rate as prescribed for cost-effectiveness, lease purchase, and 
related analyses by the Office of Management and Budget (OMB) [4]. 

A spreadsheet model was developed to perform the LCC analysis. Table 8 shows the model printout 
of the major input parameters and the values used in this analysis. Focusi Environmental Inc.  , ovided 
the detailed cost data for a fluidized bed reactor with a 2174 ton per year design capacity (con muous 
operation) The original capital estimates for the fluidized bed reactor are based on the ong.nal caprtal 
late  fro*Do*-Oliver Inc. The resulting cost breakdown is shown in Table 9^ The miscellaneous 
costs include installation costs (foundations, structures, and equipment) taxes and contingency. These 
costs are estimated as the sum of 2.8 times the process equipment capital cost and 0^2 times the 
instrumentation cost. The process equipment capital and miscellaneous costs will change with design 

capacities. 

For other design capacities, the "six-tenths-factor rule" (economy of scale) was used for the capital 
cost estimation while the appropriate linear economy of scale was assumed for the labor cost. Annual 
ma^enrce costs were assumed to be 3% of the total capital cost. Utility costs and matenalcosts are 
Resumed to be proportional to the amount of waste treated. The heating value of the waste was, 
considered in the utKy costs. The analyses were expressed in constant dollars using the real discount 
^SS^fSi^äi real cost escalation rates for different input parameters. The input parameters are 
based on government publications. 

As was previously mentioned, the landfilling option is assumed to consist of two components .They are 
meiste transportation from the generation site to the landfill, and the treatment and disposal (T&D) of 
the waste at the landfill site. The total transportation cost is the sum of two components which are based 
oil^distance and ton-miles. The transportation cost is calculated using the following equat.on: 

Y = (8.23 + 0.23X)Z,    [$] 

where Y is the transportation cost in 1994 dollars and X and Z are the total distance in miles and tons of 
waste transported, respectively. 
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Table 8. Major Parameters Used in LCC Analysis 

Parameter Amount 

Residual ash content, mass%: 
B48 4.6 
B50 67.5 
B70 8.8 
Selected mix (B48 + B70) 17.1 

Number of shifts/day 1 
Working time, d/y 250 
Maintenance cost, % 3 
Real discount rate, % 4.8 
Equipment life, year 15 - 
Landfilling cost, $/ton* 235 
Transportation distance, mi 200 

Unit cost: 
Electricity, $/kWh 0.07 

y 
Natural gas, $/(Btu x 108) 3.1 
Process water, $/(Gal x 103) 0.5 
Plant air, $/(Scfx103) 0.65 

- Chemicals, $/lb 200 

Real cost escalation rate, %/y: 
Electricity 0.6 

Natural gas 2.3 

Process water 1.0 

Plant air 1.0 
Chemicals 1.1 

Wages 1.2 
Landfilling (transportation cost) 2.3 

Labor Rate: 
Supervisor, $/y 50000 

Engineer, $/y 40000 

Operator, $/y 30000 

Material handling, $/y 20000 
Total overhead (direct + indirect), % 50 

Utilities required per ton of waste: 
Electricity, kWh 494.3 

Natural gas, Btu x 10s 4.8 
Process water, Gal x 103 1.3 

Plant air, ScfxIO3 0.9 
1 Materials required, ton/ton of waste 0.1 I 

*A more realistic figure, recieved after completion of this report, is clos 
to 1 $/kg. 
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Table 9. Estimate of Capital Cost Breakdown 

Capital item Estimated cost 

Process equipment capital $592K 

Detailed design engineering $270K 

Permitting, facility startup, and utility 
connnections 

$640K 

Instrumentation $310K 

Miscellaneous $1705K 

Total $3517K 

The T&D costs are site-specific, dictated by the balance between the supply and the demand for 
landfills. The latest Environmental Information (El) survey (Perket 1994) [5] indicates that in recent years 
(i.e., since 1991) landfill costs have decreased because of a reduced demand for hazardous waste 
services and the availability of larger, more economical landfills. This decline is attributed to new 
regulations which prohibit landfills from accepting certain hazardous wastes, and other regulatory 
initiatives which emphasize waste minimization and on-site treatment or containment. On the other hand, 
it is possible that future regulations may increase the demand for landfill disposal. In this analysis, we 
assumed that no major market changes will occur in the future. Therefore, the T&D costs increase only 
with inflation. The scenario of the T&D cost increasing in the future was considered by performing a 
sensitivity analysis. 

The El survey also indicated that hazardous waste landfill prices for bulk shipments of waste are less 
than for drummed shipments. Bulk shipments require less material handling and are about a third less 
expensive than drummed waste. The T&D cost (bulk quantities) is assumed to be $235 per ton. This 
value is higher than the 1993 national average of $170 per ton as reported in the El survey [5]. 

At a multiwaste generating facility, the cost of waste separation is an important factor to be taken into 
consideration in the LCC analysis. For the direct landfill option, the waste will need to be separated before 
being transported to the disposal site. However, waste separation costs are currently unavailable, and are 
therefore considered only in the sensitivity analysis. 

B.     RESULTS 

Table 10 lists the major base-case assumptions used in this analysis. Most of these assumptions 
are based on information applicable to Hill Air Force Base. Note that the annual waste-processing rate of 
500 tons/year is much higher than the current rate of 120 tons/year. The cost-effectiveness of the 
treatment option is evaluated in terms of the total LCC and the LCC per ton of waste treated. Seven 
variables (annual waste processing rate, residual ash content, equipment life, separation cost, escalation 
rate transportation distance, and T&D cost) are considered to be the most sensitive to the total LCC. 
These sensitivity analyses were performed by varying each parameter individually while the other 
parameters were held constant at their base-case values. These parameters are listed in Table 10. 

Detailed analyses were performed to compare the cost-effectiveness of the thermal treatment option 
to existing landfill option in terms of transportation cost (i.e., distance) and the T&D cost. Break-even 
analyses were performed for four different annual waste generation rates in order to estimate the 
combined effects of distance and the treatment and storage cost (however, the latest disposal cost 
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figures, which are about four times larger than those considered in this analysis, are not included). 

1.     Base-Case Results 

Fioure 4 shows the breakdown of the estimated total LCC of the thermal treatment (1 shift/day 
and 3 shifts/day) and the direct landfill options under the assumptions listed in Table 10. The total LCC of 
the thermal treatment option is estimated to be S6.36M compared to a estimate of $1.57M for the direct 
landfill option (the latest available figure is about $6 M). The LCCs per ton for the treatment and direc 
landfill options are estimated to be $848 per ton and $209 per ton, respectively. The thermal treament 
option has the lower landfilling cost (i.e., $1.3M) because T&D is proportional to the reduction of waste 
mass due to treatment. The capital cost contributes more than 50% of the total LCC for the therma 
treatment option. The costs for materials and landfilling (i.e., transportation, treatment, and disposal) are 
a small fraction of the total cost. The utility costs shown in Figure 5 are mainly electricity, natural gas, 
process water, and plant air. 

Fig. 1. Total Life Cycle Cost Of 
Disposal Of (15 years, 500 t/y) PMBW 
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Figure 4. Total LCC for Thermal Treatment and Direct Landfill Options 
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Table 10. Base Case Assumptions for LCC Analysis 

Parameter Assumption 

Waste processing rate 500 ton/y 

Residual ash content 17.1 mass% 

Equipment life 15y 

Treatment and disposal (T&D) cost $235/ton* 

Real T&D cost escalation rate 0% per year 

Waste separation cost $0.0/lb 

Transportation distance 200 miles 

Real discount rate 4.8 % 

Number of shifts per day 1 

Working time 250 days 

•Latest estimates are about fouF times higher. 

A smaller system with a better operating factor can be employed by operating three shifts per day for 
the same annual waste processing rate. Lower capital and maintenance costs associated with a three 
shift/day operation will reduce the total LCC by $1.42M (compared with the 1 shift/day operation). The 
LCC per ton for a three shift/day operation is $189 less than for a one shift/day operation; yet this cost is 
three times greater than for the direct landfill option (this value is lower than the latest estimate for landfill 

use). 

2. Sensitivity to the Annual Waste Processing Rate 

The sensitivity of the total LCC for the thermal treatment option to the annual waste processing 
rate is shown in Figure 5. The annual waste-processing rate determines the design capacity of the 
thermal treatment system. The total LCC increases from $4.7M to $9.6M as the rate .ncreases from 200 
tons/year to 1000 tons/year. The LCC per ton decreases due to the economies of scale from $1528 to 
$641 for a similiar change in the waste-processing rate. Beyond the capacity of 400 tons year the LCC 
per ton decreases less rapidly and levels off beyond 800 tons/year capacity. Under the given base-case 
assumptions, the thermal treatment option may not be cost-effective even for processing rates of 1000 
tons/year (the most recent values are four times higher). 

3. Sensitivity to Residual Ash Content 

The residual ash content of the waste is an important factor in determining the cost- 
effectiveness of the thermal treatment option. The lower the ash content the lower the landfill cost for the 
Thermal treatment option. The ash content depends on the type (B48, B49, and B50) of waste stream 
proSssed ^aid may vary from 5 to 68 mass percent. The sensitivity of LCC to the residual ash content is 
sEtn Figure 6. Total LCC as well as the cost per ton increases linearly with the increase in residual 
SStent  Total LCC increases from $6.2M to $7M as the ash content increases from 10 mass percent 
to 60 mass percent  The LCC per ton increases from $833 to $938 for a sim.har increase in the ash 
conte^ Forln ash content of 5 mass percent, the estimated LCC per ton for the thermal treatment 
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option is $823 per ton, compared to $209 per ton for the direct landfill option. 

Fig. 2. Life Cycle Waste Treatment 
Cost Vs Waste Processing Rate 
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Figure 5. Life Cycle Waste Treatment Cost Versus Waste Processing Rate 

Fig. 3. Life Cycle Waste Treatment 
Cost Vs. Residual Ash Content 

ON 20% 40% *0% 
Residual Ash Content (m%) 

-*- Total Ufe Cycle Coet ('94 SM»- Life Cycle Coet ('94 $/ton7] 

Figure 6. Life Cycle Waste Treatment Cost Versus Residual Ash Content 
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4. Sensitivity to Equipment Life 

Fiqure 7 shows the LCC of the thermal treatment option using different values for life of the 
thermal treatment system. The LCC is sensitive to the life of the treatment system, since its initial capital 
cost amortized by the total quantities of waste processed during the sysem lifetime. The total LCC 
increases from $5 6M to $7 OM as more quantities of wastes are processed with the increase in the 
equipment life from 10 to 20 years. The LCC per ton decreases from $1120 to $699 for a simihar 
increase  The reduction in the LCC per ton with the increase in the equipment life becomes smaller when 
the life expectancy exceeds 16 years. This is because the LCC is present value discounted. 

5. Sensitivity to the Waste Separation Cost 

Figure 8 shows the total LCC for the direct landfill option as a function of the separation cost. 
The total LCC increases linearly from $1.6M or ($210/ton) for zero separation cost to $13M or ($1730/ton) 
for a separation cost of $450/ton ($0.45/kg). For waste separation costs exceeding $190/ton ($0.l9/kg) 
which corresponds to an LLC of $900/ton, the thermal treatment option becomes cost-effective compared 
to the direct landfill option. 

Fig. 4. Life Cycle Waste Treatment 
Cost Vs. Equipment Life 
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Figure 7. Life Cycle Waste Treatment Cost Versus Equipment Life 
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Fig. 5.    Total LCC Of Direct Landfilling As A 
Function Of Waste Separation Cost 
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6.     Sensitivity to the Landfilling Cost 

The landfilling cost is comprised of the transportation costs and the T&D costs. The T&D cost 
is site-specific. This necessitated using a range of T&D costs when determining the cost-effectiveness of 
the thermal treatment option. Figure 9 shows the total LCC for the thermal treatment and direct landfill 
options as a function of T&D cost. The total LCCs of the two options increase linearly $900 per unit for 
thermal treatment versus $5255 per unit for direct landfill). The cost sensitivity is smaller for the thermal 
treatment option because less waste is landfilled (the residual ash content is assumed to be 17.1 mass 
percent)   With an increase in the T&D cost, the LCC difference between the two options becomes 
smaller. At a crossover point, the thermal treatment option becomes more effective. 

The transportation cost is assumed to depend on the quantity of waste and the transportation 
distance  This cost contributes to a smaller portion (approximately 22%) of the total landfilling cost. The 
total LCC of the two options as a function of distance is shown in Figure 10. The total LCCs for the two 
options increase linearly ($243/mile for thermal treament and $1429/mile for direct landfilling). The 
difference in sensitivity is due to the difference in the quantity of waste to be landfilled. 
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Fig. 6. Total LCC Of Treatment Vs 
Landfilling As a Function Of T&D Cost 
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Figure 9. Total LCC as a Function of T&D Cost 

Fig. 8 Total LCC Of Treatment Vs 
Landfilling As a Function Of Distance 
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Figure 10. Total LCC as a Function of Transportation Distance 
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6.     Break-even Analyses 

the cost-effecfyeness of the ^a^^^Äe transportation distance and T&D cost, determines 
lrt/itKattÄ particular waste-generating facility. Break-even analyses 
£?2S^ * fcur different annua. waste-processing rates us,ng 

different combinations of transportation distance and T&D costs. 

Table 11 shows the break-even T&D cost as a function of transportation distance for several 

Srf $965 and $924 per ton would be cost-effective for waste-processing rates of 750 and 1000 
tons/yeaf respectively  These costs can be lower ($639 and $598 per ton, respectively) ,f the 
transportation distance were 1600 miles instead of 400 miles. 

Tho hr^k Pven transportation distance as a function of the T&D cost for different annual waste- 

have to be unreatataW ^ i ^^     rates (75010 1000 tons/year), a short 
tons/year) to be cost-effective, MI niyne ™     F a thermal treatment option cost- 
transportation distance combined ^g£™ £0tsTng ra e* ombined w,th a T&D cost of $900 to 

640 to 487 miles for waste-processing rates of 750 and 1000 tons/year, respectively. 

Table 11. Break-even T&D Cost as a Function of Transportation Distance 

Transportation 
distance  

km 

320 

640 

970 

1290 

1610 

1930 

2250 

2580 

miles 

200 

400 

Waste generation rate (ton per year) 

600 

800 

1000 

1200 

1400 

1600 

250 

$2195 

2140 

2086 

2032 

1977 

1923 

1868 

1814 

500 

$1335 

1281 

1227 

1172 

1118 

1063 

1009 

955 

750 

$1020 

965 

911 

857 

802 

748 

693 

639 

1000 

$978 

924 

869 

815 

761 

706 

652 

598 
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Table 12. Break-even Transportation Distance as a Function of T&D Cost 

Treatment and 
disposal cost 

($/ton) 

Waste generation rate (ton/year) 

250 500 750 1000 

200 7540 miles 4377 miles 3216 miles 3063 miles 
  

30 7172 4009 2848 2695 

40 6804 3641 2480 2327 

500 6436 3273 2112 1959 

600 6068 2905 1744 1591 

700 5700 2537 1376 1223 

800 5332 2169 1008 855 

900 4964 1801 640 487 

1000 4596 1433 272 119 
  

1100 4228 1066 0 0 

1200 3860 698 0 0 

1300 3492 330 0 0 

1400 3124 0 0 ° 

C.     CONCLUSIONS 

The cost-effectiveness of the thermal treatment option for the disposal of PMB waste is compared 
with the direct landfiiling option using a life cycle cost analysis. Under base-case assumptions most of 
which are appropriate for Hill Air Force Base, the estimated total LCCs of the thermal treatment and the 
direct landfiiling options are $6.4M ($848/ton) and $1.6M ($205/ton), respectively. The cost savings 
associated with reducing the volume of the waste by thermal treatment, are considered large enough to be 
mo^ta^aUe than direct landfiiling in some cases. The high LCC for the thermal treatment option ,s due 
to capital and maintenance costs associated with the fluid bed reactor. A smaller thermal treatment 
system with a better operating factor reduces the total LCC to $4.9M ($659/ton). 

LCC analyses indicate that thermal treatment is economically feasible for high waste-processing 
rates and a combination of high T&D cost coupled with low transportation distances (and vice versa) ^ For 
Hill Air Force Base, where the waste generation rate is low (120 tons per year), thermal treatment is not 
considered cost-effective [3], if the cost of direct landfiiling remains low. 

The cost of separating the waste at the generation site is an important factor to consider when 
determining the cost-effectiveness of thermal treatment. Under base-case assumptions, the thermal 
SatS optL becomes cost-effective with the direct landfill option when the separation costs exceed 
$0 Skg  The mSwaste processing capability associated with the thermal treatment option may make 
this option much more cost-effective than direct landfiiling. 
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SECTION VI 
ENVIRONMENTAL IMPACT ANALYSIS 

A review was performed to identify and evaluate potential environmental impacts associated with an 
onsite fluidized bed thermal treatment process and for direct landfilling. The review revealed advantages 
and disadvantages for each alternative. 

A.     DIRECT LANDFILLING 

While not always the disposal method of choice, proper landfilling can be viewed as a controlled 
method of waste disposal. Waste can be consolidated during landfilling and its impacts to the 
environment can be monitored and evaluated. Air dispersal and leaching of contaminants are relatively 
low  Proper management practices during operation, proper closure, and adequate post-closure 
monitoring reduces impacts to human health and the environment. Personnel training and the use of 
protective equipment reduce worker exposure. Excursions, resulting from design modifications, can be 
accomodated by leachate collection and treatment systems. 

A proposed landfill is approximately 300 km (200 miles) from Hill Air Force Base. This would keep 
transportation-related impacts low. The landfill appears to have the capacity to properly dispose of the 
PMB waste for the foreseeable future. If the volume of wastes generated were to increase significantly, 
then the generation rates may exceed landfill disposal capacity. This would effectively render landfilling 
nonviable   Such a scenario could occur if Hill Air Force Base were to become a regional or national 
center for aircraft maintenance. Waste volume increases resulting from transporting wastes from other 
locations to Hill Air Force Base for disposition is likely to be an environmentally undesirable practice. 
Increased transportation and atmospheric emissions are two of the most obvious impacts that would need 
to be assessed. 

B.     FLUIDIZED BED THERMAL TREATMENT 

Fluid bed thermal processing can be used to reduce the mass or volume of the PMB waste. 
However this process also disperses some combustion gases and particulates to the environment  The 
requlatory climate for thermal treatment emissions is becoming increasingly restnctive and is expected to 
continue to do so. Thermal treatment of PMB wastes is discouraged by some, and the practice may soon 
be prohibited because of the generation of hazardous decomposition products. Thermal treatment of 
PMB waste emits minute quantities hazardous materials from the paint to the air, and creates dioxins and 
furans from the plastic medium. Emissions from the pilot study are well below regulatory limits those 
■imjts may change. It is also possible that production-scale emissions may differ from those in the pilot 
study, although it is unlikely that they will exceed regulatory limits. 

Alternative Air Quality Standards (NAAQS) criteria pollutants of concern are lead, NOx, and ozone. 
PreliSlnaly^ s of the Pi.ot test data using the EPA screening model SCREEN 2 (1991) suggests no 
exceedances of the NAAQS for NOx would occur as a result of fluid bed thermal treatment. However, 
Da4 Cou?ty °s in moderate nonattainment of the NAAQS for ozone. It is likely that a fluid bed reactor 
located in Davis County would receive close scrutiny. Beryllium emissions would also need to be 
evaluated. Other constituents in the emissions appear to be below accepted levels of concern [1]. 

Siqnificant waste volume reduction (85% or better) is achieved through fluid bed thermal treatment. 
The hazardous constituents are concentrated in the remaining ash. To be accepted «n a permitted 
hazardous waste disposal facility, the ash is stabilized (Toxicity Characteristic Leaching Procedure test 
positive) prior to landing. This requires some additional handling and increases thepotential o 
Personnel exposure and additional air dispersion. Mitigative measures could reduce this potential. 
Bemuse of the amount of plastics contained in PMB wastes, appreciable amounts of dioxins/furans can 
^S^SuriTtSSrint. A maximum stack-gas concentration for total dioxins and furans of 30 ng 
per dTstandard cubic meter (adjusted to 7% oxygen) is given for municipal waste combustors ,n 40 CFR 
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60.53a. This concentration was exceeded in one of the pilot test runs (Run #1). 

More stringent concentration limits may be imposed for stacks of facilities other than municipal waste 
combustors  A fluid bed reactor may distribute some of the hazardous constituents (metals) to the land 
surface in a populace area of the state. Emissions would enter the atmosphere from a 9 meter stack at 
18 m/s   Because of the meteorological conditions in the region, metals would be redistributed on the 
around and available for plant, animal, and human uptake. The relatively arid climate would also increase 
the amount of time for the metals to be leached by precipitation. The long and short-term environmental 
impacts of metals distribution and accumulation under these conditions are considerations that impact the 
licensing of the facility. 
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SECTION VII 
DESIGN AND OPERATIONAL CONSIDERATIONS 

A.     WASTE PROFILE 

The PMB wastes generated at Hill Air Force Base, and at other facilities, are currently (1994) being 
disposed of by stabilization and landfilling at a cost of 1.08 $/kg (980$/ton). A cost/benefit evaluataon of 
the proposed fluid bed thermal treatment process shows the impact of the profile (i.e. quantity and 
characteristics) of the PMB waste. The pilot tests demonstrated that a fluid bed treatment process is an 
efficient process to reduce the volume of PMB waste for disposal. However, waste streams such as the 
B50 stream from Hill Air Force Base would leave significant residue after combustion that requires 
additional management [1]. 

Based on the 1993 waste profile generated at Hill Air Force Base, 125 metric tons of PMB waste 
would have resulted in approximately 21 metric tons of ash residue requiring stabilization and 
manaaement (17 metric tons from the B50 waste stream and 4 metric tons from all other waste streams). 
Therefore a better definition of the waste profile and summary of current waste management practices 
and costs is essential for conducting an effective cost/ benefit evaluation. 

B. OPERATING FACTOR 

The actual throughput of a full-scale fluid bed combustion process compared to the design capacity 
is the operating or capacity factor. The suggested (by HAFB) operating schedule was one shift a day, five 
d^ays pePr week

9for the fuif-scale process. This translates into an operating factor of 0.24 assuming 
maintenance can be conducted on the off shifts). The same facility operating continuously (24 hours per 
™y 7 daype-13c) has an operating factor of approximately 0.85 (assuming 0.15 for maintenance and 
m1scellanyeoSs downtime) and can process 3.5 times, more waste. The economy of the facility improves 
by processing the waste by approximately a factor of 2. 

C. METAL RECYCLE 

Since the ash residues contain high concentrations of cadmium and lead, recycle for metal recovery 
is considered an alternative for plain disposal. Metal recycling facilities (three random companies) have 
minium imits for concentrations of specific metals in the wastes. One company had a minimum feed 
metal concentration low enough to accept the ash from the fluid bed combustion process for recycle  The 
SS?fb?S^SSJg process was estimated at $200 per drum or $500 per metric ton delivered ,n bulk. 

D. LIFE CYCLE COST 

Design considerations are important in assessing the life cycle cost of operating a fluid bed reactor 
thermal treatment process. This is because most of the total cost is due to capital equipment and 
martenanS «penditures. The LCC analysis performed for the thermal treatment process indicates high 
SSSSJS^SwSs option cost-effe'ctive when compared to direct landfilling. In order to be more 
SefSK the ipital equipment should be capable of handling high waste-processing rates and 
require as little maintenance as possible. 

E. ENVIRONMENTAL IMPACT 

There are environmental concerns associated with both thermal treatment and direct landfilling 

in order to meet the most stringent regulations. 
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SECTION VIII 
CONCLUSIONS AND RECOMMENDATIONS 

The pilot test demonstrated that the volume of solid PMB waste, such as generated at Hill Air Force 
Base can be reduced by as much as a factor of 20 by treatment in a fluid bed reactor. During the pilot test 
operation the reactor met the emission regulatory standards associated with the gaseous combustion 
products.' The ash residue formed during combustion can be stabilized to meet regulatory standards for 
leachability by encapsulating the ash in a solid cement-slag waste form. 

The life cycle cost analysis indicates that the fluid bed reactor thermal treatment process can be cost- 
effective in some cases when compared to direct landfilling, even though capital and maintenance costs 
are relatively high. Several environmental concerns exist with thermal treatment of PMB wastes. These 
concerns require further investigation to license a fluid bed reactor thermal treatment process. 

This study and the data of the engineering scale test, provide the basis for determining whether 
thermal treatment of PMB waste to reduce the volume of solids to be disposed should be built. The 
economic evaluation uses input data available at the time of the study (1994) and ancilliary enwonmental 
impact information. As mentioned in the report, after completion of the study, but prior to publishwig th* 
report additional information became available. This information shows that direct landfilling coste have 
already increased significantly relative to the cost assumed in the study. These new costs are on the order 
of 1 $/kg vs previously 0.25 $/kg, which are within, or even exceed, the range of cost calculated for the 
thermal treatment. 
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1.0 EXECUTIVE SUMMARY 

Martin Marietta Energy Systems (MMES), acting under its Contract Number DE-AC05- 
84QR21400 with the Department of Energy (DOE), is investigating methods to reduce the 
volume of hazardous wastes generated by plastic media blasting (PMB) to remove paint from 
military aircraft. In an earlier project, bench-scale testing was conducted using rotary kiln thermal 
treatment technology in order to demonstrate PMB waste volume reduction and to determine the 
fate of metals contained in the PMB waste. A summary of the bench-scale testing objectives, 
methodologies, and results is presented in the report entitled "Test Report for Bench-Scale 
Testing of a Thermal Treatment System for Wastes from Plastic Media Paint Stripping 
Operations" (Bench-Scale Test Report) prepared by Focus Environmental Inc. and dated January 
1994. The bench-scale testing showed that the PMB waste became tacky and foamed during 
heating. 

MMES issued a Request for Proposal (RFP) on February 14, 1994 to potential bidders to conduct 
pilot-scale treatability studies of commercially available thermal treatment processes for treating 
the plastic media/paint waste (PMB waste) streams. Focus Environmental, Inc. (Focus) submitted 
a proposal (Proposal Number 029407) and was awarded a contract for performing pilot testing 
using fluidized bed oxidation on a continuous basis for achieving volume reduction of the PMB 
waste. A cyclone separator followed by cooling and fabric filtration (baghouse) was used to 
remove ash, bed carryover, and regulated metals from the combustion offgas. 

A survey of the PMB waste generated at Hill Air Force Base (HAFB) was conducted to 
determine the most representative sample for pilot testing. The two largest PMB waste streams 
generated at HAFB are denoted as B48 and B70 wastes. The B48 stream contains Type II plastic 
media. The B70 stream contains Type V plastic media. Samples of these two waste streams were 
obtained from HAFB and composited to form a representative sample for pilot testing. The 
composite waste sample was analyzed for elemental analysis, heat content, particle size 
distribution, and total metals. The pilot-scale testing of the FBR was conducted during a three 
day period in September 1994. 

The waste composite sample was processed in the pilot scale fluid bed reactor (FBR) while 
varying bed temperature and offgas oxygen concentration. Process operating data and emission 
sampling was conducted at the varying conditions. Emissions of carbon monoxide (CO), total 
hydrocarbons (THC), oxides of nitrogen (NOJ, and sulfur dioxide (SO^ were measured as a 
function of bed temperature and offgas oxygen concentration. Emissions of paniculate, metals, 
volatile organics, semivolatile organics, dioxins and furans, hydrogen chloride/chlorine, and 
hydrogen cyanide were measured in the offgas as a function of bed temperature. 

Grab samples of the bed media and ash captured in the cyclone separator and the baghouse during 
the pilot test were characterized. These residuals were analyzed for particle size distribution^ bulk 
density and total metals. The ash captured in the cyclone separator and baghouse from all three 
days of testing was composited to form a sample for stabilization testing. The ash composite 
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sample was mixed with varying quantities of fly ash, blast furnace slag, Type II Portland cement, 
and water to determine if the ash could be stabilized to meet the applicable regulatory standards 

for leachability. 

In addition to the B48 and B70 waste streams, HAFB generates another significant waste stream 
that contains a mixture of the plastic blasting media and inert material. This waste stream is called 
B50 waste. A sample of this waste stream was also obtained from HAFB for characterization. 

The pilot test demonstrated that fluid bed combustion technology could effectively reduce the 
volume of PMB wastes while maintaining emissions at levels that could meet current and 
anticipated regulatory standards. Results and conclusions from the pilot testing include: 

The annual mass of PMB waste generated at Hill Air Force Base (HAFB) is approximately 123 
metric tons (142 tons). 

The Type II plastic blasting media has a significant organic nitrogen content (approximately 21 
mass percent). 

The B48 and B70 PMB waste streams have ash contents of approximately 2.5 and 6.7 mass 
percent, respectively. 

The B50 waste stream contains inert material (garnet and ash) at a concentration of approximately 
65 mass percent. 

A bed fluidizing air velocity of approximately 0.75 m/s (2.5 ft/s) was determined to be optimum 
using siiica as a bed media. A fluidizing velocity of 0.85 m/s was used successfully in the pilot 
tests with silica as the bed media. 

The combined residence time for the combustion gas in the fluid bed and freeboard should be a 
minimum of 3.5 seconds. 

Total ash recovery was approximately 81 mass percent. The remainder of the ash was retained in 
the bed by agglomerating to the bed media. Use of a bed modifier (Kaolin clay) will be required 
to minimize agglomeration of the ash to the bed media. 

The cyclone paniculate removal efficiency was approximately 97 weight percent. 

At a bed fluidizing velocity of 0.85 m/s, approximately 20 mass percent of the ash captured in the 
cyclone and baghouse was a result of bed media carryover. 

The average particle size of the bed media increased during the pilot test runs due to 
agglomeration of the bed media with ash residues from the waste. 
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Concentrations of phosphorus, sodium and potassium in the bed media increased much more 
rapidly than other metals compared to the feed rates of these metals to the system. This also 
indicates agglomeration of the bed media. 

Offgas concentrations of carbon monoxide and total hydrocarbons decreased with increasing bed 
temperature at constant offgas oxygen concentrations. Offgas concentrations of carbon monoxide 
and total hydrocarbons decreased with increasing offgas oxygen concentrations at constant bed 
temperatures. 

Offgas concentrations of NOx increased with increasing bed temperature at constant offgas 
oxygen concentrations. Offgas concentrations of NOx increased with increasing offgas oxygen 
concentrations at constant bed temperatures. Concentrations of NOx in the offgas ranged from 
416 to 858 ppm by volume. 

Conversion of organic nitrogen to NOx averaged approximately 3.3 mass percent. 

Offgas concentrations of S02 typically increased with increasing bed temperature at a constant 
offgas oxygen concentration.   Offgas concentrations of S02 typically decreased with increasing 
offgas oxygen concentrations at a constant bed temperature. Offgas concentrations of S02 

ranged from 21 to 90 ppm by volume. 

Detectable emissions of hydrogen cyanide were measured during all three pilot test runs. The 
offgas concentration of hydrogen cyanide decreased with increasing bed temperature. 

Fluid bed combustion processes burning PMB waste should be operated at bed temperatures 
between 800 and 900°C and offgas oxygen concentrations greater than 9 percent by volume to 
minimize emissions. 

The concentration of cadmium in the baghouse dust increased with increasing bed temperature. 
As a result, the corresponding emissions of cadmium in the offgas from the baghouse also 
increased. 

The lowest stack concentration of total tetra through octa dioxins and furans was 6.5 ng/m3 

measured at a bed temperature of877°C and an offgas oxygen concentration of 7 volume percent. 
The corresponding tetrachlorodibenzoa(para)dioxin (TCDD) toxic equivalent emission rate was 
0 12 ng/m3. These measurements are on a dry basis at 1 atmosphere and 20°C, corrected to 7 
volume percent oxygen. These values are essentially equal to proposed regulatory limits that may 
be applied to a future full-scale system (EPA Combustion Emission Technology Resource 
Document CETRED). Modifications to the full-scale process design compared to the pilot scale 
process should decrease the offgas concentrations of dioxins and furans below those measured in 

the pilot test. 
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Concentrations of participate in the offgas averaged 18,200 Mg/m3 (0.0079 grains per dry 
standard cubic foot) corrected to 7 volume percent oxygen. This value is an order of magnitude 
less than the current regulatory limit and essentially equal to the proposed regulatory limit that 
may be applied to the future full-scale process (CETRED). Conditioning of the bags and 
development of a dust cake on the bags should decrease the paniculate emissions from a full-scale 
process compared to the pilot test. 

System removal efficiencies for metals were greater than 99.9 mass percent for those metals 
which were present at concentrations greater than 100 mg/kg in the starting waste. This indicates 
that a full-scale process equipped with a baghouse will be able to meet the metal emission 
standards. 

Concentrations of cadmium and lead were significantly higher in the baghouse dust than in the 
cyclone ash during the pilot test. This data indicates these two metals have higher volatility than 
other metals. 

The ash residue can be stabilized to meet the regulatory standards for leachability using mixtures 
of ash, Type II Portland cement and blast furnace slag. 
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2.0 PROJECT DESCRIPTION 

2.1   INTRODUCTION 

Martin Marietta Energy Systems (Energy Systems), acting under its Contract No. DE-AC05- 
84OR21400 with the Department of Energy, is investigating methods to reduce the volume of 
hazardous wastes generated by plastic media blasting to remove paint from military aircraft. The 
waste to be treated consists of mixtures of Type II and Type V spent plastic blasting media and paint 
flakes. The waste is a RCRA characteristic hazardous waste because of the leachability of chromium 
and cadmium. The physical form of the waste is a fine powder with a particle size typically between 
38 and 300 Mm (400 and 48 mesh). Energy Systems has contracted with Focus Environmental, Inc. 
(Focus) to conduct a pilot-scale treatability study using commercially available thermal treatment 
process components for treating the plastic media/paint waste streams. 

The major findings of previously completed bench-scale treatability testing included: 

The mass of waste can be reduced by a factor of approximately 100 using thermal processing to 
volatilize the organic media present in the waste 

The temperature at which the waste blend began to melt was between 250 to 310°C (482 to 

590°F) 

Significant organic vapor release begins at approximately 325°C (617°F) 

The melted waste blend has a significant viscosity and expands into a foam upon the liberation of 
organic vapors (the expansion ratio is between 8:1 to 10:1) 

The melted waste displayed a tendency to "stick" to the surface of the thermal test unit. 

The results of the bench-scale test were used to plan a pilot-scale test for evaluating the feasibility of 
thermally processing the waste. Fluid bed thermal oxidation technology was proposed for evaluation 
in the pilot-scale testing. This document describes the pilot-scale testing and presents the results of 

the tests. 

2.2   OBJECTIVES 

The overall objectives of the testing includes (1) demonstrate the feasibility of using fluid bed reactor 
(FBR) technology and associated air pollution control system (APCS) to achieve sufficient waste 
volume reduction at the selected waste feed rates while operating at process conditions which 
minimize the emissions of criteria air pollutants and (2) provide sufficient data and information 
necessary to scale-up the process from the pilot-scale to a full-scale design. Specific objectives of 

the pilot-scale test include: 
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Characterize the waste feed including the explosive characteristics of the PMB 

waste dust in air mixtures 

Demonstrate an adequate waste feed system configuration for introducing the 

waste into the FBR 

Identify material for use as the solid fluidizing media 

Evaluate the effect of bed temperature and excess oxygen on selected emissions 

from the process 

Establish target process operating conditions (i.e., fluidizing velocity, bed 
operating temperature, and excess oxygen) that provide effective fluid bed 
oxidation while minimizing selected emissions 

Determine process-specific information (i.e., bed carryover, ash carryover, bed 
cooling requirements, baghouse pulse frequency) under the various test conditions 

Determine characteristics of the ash generated by the process 

Determine the ability to stabilize a composite ash sample from the process. 

2.3   BASIC APPROACH 

Focus chose Hazen Research, Inc. (Hazen) of Golden, Colorado as the subcontractor to conduct the 
pilot-scale test. Hazen conducted the pilot-scale test utilizing a continuous process consisting of a 
FBR and dry APCS (cyclone separator, dry quench, and baghouse). A continuous emissions 
monitoring system (CEMS) was used to analyze the process offgas for selected components. The 
process offgas was sampled for particulates, metals, volatiles, semivolatiles, dioxins/furans, HC1/C12, 
and cyanide using stack gas sampling trains. A detailed description of the test apparatus, test 
protocol, and emission sampling is presented in Section 4.0. 

The starting waste feed material and process-generated residues were analyzed for metals and used 
with measured waste flow rates and ash generation rates to determine the fate of the metals during 
thermal processing. Data and observations were collected to determine the effectiveness of the 
processing scheme to vaporize and thermally destruct the organics from the waste while minimizing 
specific process offgas emissions (NO» SO* CO, THC, volatiles, metals, semivolatiles, dioxin/furans, 
and cyanides). 
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Hazen conducted the tests using existing equipment. Hazen and selected analytical subcontractors 
analyzed the samples generated during testing for all parameters of interest. Focus and Energy 
Systems personnel present during the three days of test runs included: 

Paul Sadler (Focus) 
Greg Smith (Focus) 
David Lloyd (Energy Systems) 
Uri Gat (Energy Systems). 
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3.0 PRE-PILOT TEST ACTIVITIES 

3.1 WASTE PREPARATION AND CHARACTERIZATION 

3.1.1 Waste Description 

Selection of a representative waste sample for testing is critical to the generation of test data that 
can be used for scale-up of operating and emission data. One of the major generators of the PMB 
waste is Hill Air Force Base (HAFB) in Davis County, Utah. To insure that the sample selected 
for testing was representative of the majority of the waste to be processed, Focus contacted 
HAFB personnel responsible for various areas at the facility where plastic media blasting (PMB) 
wastes are generated. Notes from these contacts are included in the Annexes. 

HAFB uses various types of media to strip paint from metal surfaces, primarily aircraft. The 
various types of stripping media may be broadly categorized as plastic or inert (garnet or silica). 
The actual media used for a specific purpose may be a specific plastic media or a blend of plastic 
and inert medk depending on the application. There are five specific types of plastic media that 
may be used at HAFB. These five types include: 

Type I - Polyester (thermoset) 
Type II - Urea Formaldehyde 
Type III - Melamine Formaldehyde 
Type IV - Phenol Formaldehyde (thermoset) 
TypeV - Acrylic (thermoplastic). 

Of these five types, Type II and V are the types used most frequently at HAFB. The majority of 
the spent blasting media at HAFB is categorized in one of four different waste streams. These 
waste streams include: 

B48 Waste   - Type II plastic blasting media only 
B49 Waste - Type H plastic blasting media combined with garnet or silica. The mixture 

typically consists of less than 10 percent garnet or silica by mass. 
B50 Waste - Type H plastic blasting media combined with garnet. The mixture typically 

consists of 50 to 80 percent garnet by mass. 
B70 Waste - Type V blasting media only. 

Table 3-1 presents a summary of the PMB waste generation data for these four waste streams 
for calendar year 1993. According to the generators, each PMB waste stream is likely to include 
some trash (i.e., plastic bags, cigarette butts, felt paper, tape, glue, safety wires, etc.). 
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The B48 and B70 wastes consist only of paint chips and the plastic blasting media. These two waste 
streams accounted for approximately 40 and 28 mass percent of the total PMB wastes generated in 

1993, respectively. 

The B49 and B50 waste streams are blends of Type II plastic and inert materials. The B49 waste 
streams contain varying concentrations of inert materials but are predominantly Type H plastic 
blasting media (less than 10 percent inert materials). The B50 waste stream contains garnet at 
concentrations ranging from 50 to 80 percent. The garnet fraction of the B50 waste stream is not 
combustible and would present a significant ash loading to a fluid bed combustion system. The data 
in Table 3-1 indicates that the B49 and B50 waste streams accounted for 13 and 20 mass percent of 
the total PMB wastes generated in 1993, respectively. 

3.1.2 Waste Sample Preparation 

Based on the survey results listed in Table 3-1, five samples of PMB waste material were collected 
and shipped from HAFB. These samples included: 

B48 Waste, Site Number N03B (142 kg) 
B48 Waste, Site Number N04A (113 kg) 
B70 Classifier Waste, Site Number LA30 (111 kg) 
B70 Baghouse Waste, Site Number LA30 (112 kg) 
B50 Waste, Site Number K06H (38 kg). 

Each individual sample was blended and an aliquot was taken for measurement of particle size 
distribution. The two B48 samples were combined and blended as were the two B70 samples. 
Aliquots of the two blended samples were taken for elemental analysis. The balance of these two 
samples was combined and blended to form a B70/B48 composite PMB waste sample for testing. 
The resulting composite sample consisted of 46 mass percent B70 waste and 54 mass percent B48 
waste. Aliquots of the waste composite sample were taken and analyzed for particle size distribution 

and elemental analysis. 

The B50 waste sample was blended and maintained as a separate sample. An aliquot of the B50 
waste was taken and analyzed for particle size distribution, elemental analysis, heat content and total 

metals. 

A flow chart showing the sample handling and blending of the B70 and B48 is presented in the 

Annexes. 

3.1.3 B70/B48 Waste Characterization 
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Table 3-2 presents the results of particle size distribution analyses of the individual PMB waste 
samples that were blended to form the waste composite sample. The particle size distribution for the 
PMB waste composite sample is also presented. The results indicate that the B48 waste has a smaller 
mean particle size than the B70 waste. 

Table 3-3 presents the results of the elemental analysis of the various PMB waste samples. The B48 
waste has a significantly higher nitrogen content than the B70 waste. This was expected due to the 
nitrogen component of the urea formaldehyde in the Type II plastic. The B48 waste had a higher 
moisture content likely due to the smaller particle size as shown in Table 3-2. Both waste samples 
have a significant heat content. The B70 waste has a significantly higher carbon, hydrogen, and heat 
content than the B48 waste. The results for the composite waste sample are consistent with the blend 
proportions of the individual samples. The nitrogen content will contribute to the potential formation 
of nitrogen oxides (NOJ in the fluid bed combustion process. 

Table 3-4 presents the results of metals analyses conducted on the waste composite sample. An 
aliquot of the waste composite sample was taken and ashed in a muffle furnace to remove the organic 
content. The resulting ash was also analyzed for total metals. The results of the ash analyses are also 
presented in Table 3-4. The RCRA metals cadmium, chromium, barium and lead were present in 
significant concentrations in the waste composite sample. Other components present in significant 
concentrations that may impact the fluid bed operation include potassium and sodium. 

After ashing, the resulting metals analyses were consistent with the starting metals analyses 
considering the 96 percent volume reduction upon ashing. The ash analysis also indicated a 
significant sulfate content and a detectable concentration of phosphorus. The presence of these 
parameters could have implications for the fluid bed media when operated for an extended period of 

time. 

The fusion temperature was also assayed for the ash from the B70/B48 composite. The data showed 
that in an oxidizing atmosphere, the ash began melting at a temperature of about 1,275°C (2,327°F) 
and became fluid at a temperature of 1,385°C (2,525°F). These temperatures are significantly higher 
than the planned operating temperature of the fluid bed reactor (FBR). Therefore, melting of the ash 
from the B70 and B48 wastes is not expected to be a concern. 

A thermogravimetric analysis (TGA) was conducted on the waste composite sample to measure the 
sample mass loss as a function of temperature and to determine the temperature range at which the 
organic components would evofve. A copy of the resulting thermogram is presented in Appendix A. 
The results show that a significant mass loss occurred between 250 and 600°C (482 and 316°F) 
resulting in a final product that was equivalent to approximately 4.5 percent of the starting mass. The 
final ash content corresponds closely with that determined in the ultimate analyses (4.01 mass 
percent) and from the percent ash determined by muffle furnace roasting of the composite sample 

(4.23 mass percent). 
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Differential thermal analysis (DTA) provides a graphic display of exothermic and endothermic 
reactions of a sample as a function of temperature. A DTA was performed on the muffle furnace 
roasted ash from the waste composite sample to determine whether phase changes, eutectics, or 
melting would occur within the temperature range of the planned fluid-bed tests. No significant 
reactions of this type were recorded, and the final sample from the test was a loose powder, similar 
in nature to the starting sample. A copy of the results of the DTA is presented in the Annexes. 

3.1.4 Explosive Characteristics 

An aliquot of the waste composite sample was taken and evaluated to determine the explosive 
characteristics of the waste dust in air. The results of these tests are summarized in Table 3-5. The 
results indicate that under certain conditions it is possible for waste dust and air mixtures to explode. 
The maximum pressure developed during the test (7.7 bar) indicates that all containment vessels 
where dust clouds of the waste material could form should be grounded and fitted with an explosion 
relief vent However, any explosion resulting from handling the waste material can be classified as 
a weak explosion meaning that the rate of pressure rise would be relatively low compared to 
explosive dust clouds of other materials (for example, aluminum dust). Therefore, the size of the 
relief vent can be relatively small. Sizing of the relief vents would be conducted during detailed 

process design. 

The test results indicate that the waste powder is relatively insensitive to electrostatic charges such 
that there is no need for operators to wear antistatic footwear or to forbid contact of the dust cloud 
with plastic materials. However, the pneumatic transfer line to the FBR should be made of a 
conductive, grounded material. 

Most dust clouds require a minimum concentration of oxygen in the dust cloud for an explosion to 
occur Dust clouds classified as exhibiting severe explosion potential usually have a minimum 
explosive oxygen concentration of approximately 8 volume percent (i.e., if the oxygen concentration 
is less than this value, an explosion will not occur). Nitrogen purging may be used in some systems 
to decrease the oxygen concentration to a level less than the minimum explosive concentration. 
However this can be very expensive, especially in "open systems" where the nitrogen blanket is 
constantly having to be replenished. The minimum oxygen concentration required for an explosion 
to occur with the PMB waste dust cloud is relatively high (15 volume percent). Therefore, nitrogen 
purging to reduce the oxygen concentration from ambient (21 volume percent) to 15 volume percent 

may be cost effective. 

3.1.5 B50 Waste Characterization 

Tables 3-3 and 3-4 also present the results of analyses conducted on the sample of B50 waste. The 
results verify the significantly higher ash content expected from this waste due to the inorganic garnet 
present in the waste. The heat content of the B50 waste (8,702 kJ/kg) is much lower than the heat 
content of the B48 or B70 wastes (15,747 to 25,005 kJ/kg) because of the dilutional effect of the 
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inert garnet. Metals analyses indicate lead and chromium concentrations are at levels similar to those 
found in the other wastes. However, the cadmium concentration is much lower (85 mg/kg compared 
to 985 mg/kg). The garnet content is reflected in the increased silicon content of the B50 waste. The 
concentrations of iron and aluminum are also higher in the B50 waste, most likely a result of blasting 
paint from steel or aluminum surfaces. 

Tabular results of all analyses reported by Hazen are included in Appendix A. 

3.2 RFD MEDIA SELECTION AND CHARACTERIZATION 

Various materials have been used as bed media in fluid bed combustion processes. Two of the more 
commonly used media are silica (20 by 65 mesh) and alumina (32 by 65 mesh). Silica is often used 
because it is readily available and inexpensive. Alumina may be considered when there is a possibility 
of silica interacting with the ash from the processed material to form eutectics, which results in ash 
sticking or melting. The following is a description of testing and results conducted to determine 
which of these two media to use in the pilot scale fluid bed test. 

Cold flow fluidization tests were performed on the silica and alumina to determine the gas flow 
necessary for optimum fluidization. Tests were conducted in a laboratory-scale glass fluidization 
system, including a glass fluid-bed vessel 10.2 cm (4 inches) in diameter by 61.0 cm (24 inches) tall. 
The system is equipped with a cyclone and baghouse for capture of fine particles that may escape the 

fluid-bed vessel. 

The results of the fluidization study on these samples showed that optimum fluidization characteristics 
were obtained at an air velocity of approximately 0.76 m/s (2.5 ft/s) and 0.61 m/s (2.0 ft/s) for the 
silica and alumina, respectively. Optimum determinations were made based on visual observation of 
the fluidization characteristics. Carryover of the bed media was 0.03 mass percent for the silica media 
and 5.5 mass percent for the alumina. 

The higher gas velocity for optimum fluidization of the silica media means that more fluidizing air 
could be used, which allows more oxygen in the system for combustion, resulting in higher feed 
capacities. Also, if silica media is used, the lower carryover minimizes the quantity of makeup bed 
media that will have to be added to the system. Low carryover also minimizes the quantity of residue 
that has to be handled by the air pollution control system and the cost of subsequent disposal ofthat 

residue. 

A cold flow fluidization test was also conducted on ash from a muffle furnace roasted sample of the 
B50 waste to determine the fluidizing characteristics of the B50 ash. The results of this test allowed 
evaluation of the potential for the ash from the B50 waste to be used as the bed media. The fluidizing 
velocity of the B50 ash was 0.11 m/s (0.36 ft/s) which is significantly lower than the fluidizing 
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velocity for either the silica or alumina media. Operation of the fluid bed such that the ash from the 
B50 waste would remain in the FBR to form the bed would severely limit the capacity of the unit. 

DTAs were performed using varying mixtures of the waste plastic ash and silica media. The purpose 
of these tests was to determine whether the mixture of waste ash with silica would result in any 
undesirable reactions that caused eutectic formation. A DTA of the silica media was conducted as 
a baseline These analyses show no reactions of significance, other than the, silica phase change that 
was expected to occur at a temperature of about 570°C (1,058°F). These results gave preliminary 
indications that the waste ash and silica would not interact detrimentally and were used as the other 
criteria for selecting silica as the fluidizing medium. Graphical presentations of the DTA results from 
silica media and ash mixtures are included in the Annexes. 

As a result of these tests, silica was selected as the fluidizing medium for the pilot scale fluid bed 

tests. 
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4.0   PILOT-SCALE TEST DESCRIPTION AND EXECUTION 

4.1   EQUIPMENT DESCRIPTION 

Figure 4-1 illustrates a process flow diagram of the HAZEN pilot-scale waste processor. The 
HAZEN pilot-scale process consists of five major systems: (1) waste feed system, (2) fluid bed 
reactor (FBR) system, (3) air pollution control system, and (4) process monitoring systems. All 
devices are constructed of materials designed to withstand the conditions expected during normal 
operation. 

4.1.1 Waste Feed System 

A 0.03 m3 (1 ft3) storage hopper was used for storage of the waste feed material. Waste material 
was discharged via a rotary valve to a constant-speed screw feeder. The screw feeder was 
equipped with a 5 cm (2 inch) diameter screw that was used to transfer the waste material from 
the discharge of the rotary valve to a 1.3 cm (0.5 inch) diameter transport line. Compressed air 
from a blower passed through the transport line and conveyed the waste material to the FBR 
through a waste injection nozzle. Since the FBR was operated under a positive pressure, 
backflow through thescrew feeder and hopper was prevented by a rotary valve at the base of the 
hopper. Waste feed rate was controlled by varying the rotational speed of the rotary valve. The 
waste feed rate was measured by monitoring the weight change of the hopper per unit time. 

The waste injection nozzle consisted of two concentric nozzles. The pneumatically conveyed 
waste flowed through the inner nozzle. The conveying air served to distribute the waste feed 
across the entire cross-section of the FBR and to promote lateral mixing of the waste and solid 
fluidization media in the FBR. Cooling water flowed through the outer nozzle to indirectly cool 
the nozzle and prevent melting of the plastic waste material prior to entering the FBR. Some 
additional cooling was achieved via the air used to convey the waste material. 

4.1.2 Fluid Bed Reactor 

The FBR was used to thermally destroy the organic portion of the waste material. The entire 
waste combustion system was lined with 11.4 cm (4.5 inches) of high temperature castable 
refractory backed by 11.4 cm (4.5 inches) of insulating castable refractory. The FBR itself has 
three sections joined together by flanges; (1) windbox, (2) fluidized bed, and (3) freeboard. 

The windbox is an L-shaped housing used to provide sufficient residence time to preheat ambient 
air, which was then used to preheat the solid fluidizing media in the FBR. A 0.32 GJ/h (300,000 
Btu/h) propane burner is attached to the front of the windbox and is capable of preheating the 
FBR up to an operating temperature of 1,000°C (1,850°F). Two air streams were supplied to the 
windbox. One air stream supplied combustion air necessary to operate the burner while a second 
air stream was used for fluidization. 
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The waste material had a high heat content and thus was capable of sustaining the FBR at the 
desired operating temperature during normal operation without preheating the fluidizing air. The 
windbox burner was used only during startup to raise the FBR to the specified operating 

temperatures. 

The fluidized bed contained 159 kg (350 lb) of solid fluidization media (bed media) that was 
heated to combustion temperatures. The base of the fluidized bed has a perforated plate equipped 
with 14 T-bar tuyeres for equal distribution of the fluidizing air across the base of the bed. The 
fluidized bed is 38 cm (15 inches) inside diameter extending to a height of 152 cm (60 inches). 

Waste was fed continuously to the fluidized bed through a port located 15 cm (6 inches) above 
the base of the fluidized bed. 

The freeboard zone is designed to provide additional residence time for completion of combustion 
and to minimize carryover of solid fluidizing media in the offgases exiting the FBR. The lower 
section of the freeboard zone is a tapered section, 33 cm (13 inches) long that serves as a 
transition zone from the fluidized bed. The upper section of the freeboard zone has a 53 cm (21 
inch) inside diameter and is 58 cm (23 inches) tall. The increased diameter of the upper section 
results in a reduced gas velocity, which in turn causes the particles to disengage from the 
combustion gases. The volume in the freeboard section also provides more residence time for 
completion of combustion. The top of the freeboard section has a 10 cm (4 inch) inside diameter 
pipe used to duct the exiting combustion gases to the air pollution control system (APCS). 

4.1.3 Air Pollution Control System 

The APCS consists of a cyclone separator, dry quench, baghouse, induced draft fan, and stack. 

A 20 cm (8 inch) diameter cyclone separator is used to remove coarse particulates from the 
combustion gas exiting the FBR. Coarse particulates are discharged via gravity into a totally 
enclosed ash collection canister. The combustion gas exits the cyclone separator and enters the 

dry quench. 

The dry quench consists of three indirect heat exchangers in series used to lower the temperature 
of the combustion gas exiting the cyclone separator to temperatures acceptable for baghouse 
operation  To maintain the integrity of the bags, the heat exchangers were operated such that the 
combustion gas temperature was lowered to less than 260°C (500T). Potable water was used as 
the heat exchange medium in a countercurrent flow pattern to the combustion gases. The water 
exiting the first heat exchanger was sent to drain. The quenched combustion gas exited the dry 
quench to the baghouse. 

The baghouse was used as a final paniculate removal device. The baghouse contained a total of 
16 bags fabricated from fiberglass felt. Each bag was 11.4 cm (4.5 inches) in diameter and 9L4 
cm (36 inches) long. The fiberglass felt bags have a maximum operating temperature of 260 C 
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(500°F). Pulsed air was used to discharge collected dust from the bags as required. A manually- 
operated rotary air-lock valve was used to discharge collected particulates from the baghouse 
hopper to an ash collection canister. 

An I.D. fan was used to maintain the APCS under negative pressure and to transport the cleaned 
combustion gas from the process. The I.D. fan is a fixed speed fan with a damper valve used to 
control the draft created by the fan. The fluidizing air blower at the front of the FBR acts as a 
forced draft fan and provides pressure to lift the bed media for fluidization. Therefore, the 
pressure at the entrance to the process was positive and the pressure at the end of the process was 
negative. The pressure balance point (i.e., the point in the process where the pressure equals the 
atmospheric pressure) was near the outlet of the freeboard section. 

4.1.4 Process Monitoring System 

A list of the process monitoring instruments used during the pilot test is summarized in Table 4-1. 
Figure 4-2 shows the locations of the specific monitors listed in Table 4-1. 

Two Type "KH thermocouples were used to monitor temperature in the windbox. Pressure in the 
windbox was measured using a single pressure gauge. Calibrated orifice meters were used to 
measure the feed rates of fluidization air. 

Type "K" thermocouples were used to monitor temperature in the fluidized bed. With the base of 
the fluidized bed as the point of reference, three thermocouples placed 120° apart are located at a 
height of 15 cm (6 inches), one thermocouple is located at a height of 31 cm (12 inches), and 
three thermocouples placed 120° apart are located at a height of 46 cm (18 inches). A single 
thermocouple is also located at heights of 61, 76, and 92 cm (24, 30, and 36 inches) above the 
base. Two Type HK" thermocouples were used to measure temperature in the freeboard zone. 
The pressure drop across the entire FBR was measured via a differential pressure gauge. 

Pressure drop across the cyclone separator was measured by a differential pressure gauge. The 
flowrate of water to the heat exchangers was measured manually using a rotameter. Two Type-K 
thermocouples were used to measure the heat exchanger inlet and outlet gas temperatures. 

Pressure drop across the baghouse was measured using a differential pressure gauge. Two Type 
HK" thermocouples were used to measure temperature of the gases entering and exiting the 
baghouse. 

The combustion gas was continuously sampled at the outlet of the baghouse and analyzed for O^ 
C02, CO, S02, THC, and NOx. A heat-traced line was used to transport the combustion gas 
sample to the CEMS. The sample first passed through a heated 2 - Mm filter. The dust-free 
sample was cooled rapidly to approximately 2°C (35.6T) to condense and remove water from the 
gas sample. Specific gas analyzers utilized include: 
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Infrared Industries Model 2200 analyzer for 02 

Infrared Industries Model 703 analyzer for C02 

Beckman Model 864 analyzer for CO 
ThermoElectron Model 40 analyzer for S02 

Beckman Model 951A analyzer for NOx 

Thermo Environmental Instruments Model 51 analyzer for THC. 

Critical monitoring devices were calibrated prior to conducting the pilot testing. Records of 
calibrations conducted are included in the Annexes. 

4.1.5 Process Monitoring and Control Center 

The pilot-scale facility is equipped with on-line instrumentation to obtain process operating data. 
Process temperatures and gas composition data were monitored and recorded continuously. A data 
acquisition system was used to monitor and record selected process data. A multipoint recorder was 
used to record temperatures continuously. 

4.1.6 Stack Sampling Equipment 

Stack sampling trains were used to take samples for determination of the following emissions: 

Particulates and metals (Multiple Metals Sampling Train, MMT, 40 CFR 266) 
Volatiles Organic Sampling Train (EPA Method 0030, VOST, SW-846) 
Semivolatiles and dioxin/furans (EPA Method 0010, M0010, SW-846) 
HC1/C12 and hydrogen cyanide (Modified EPA Method 0050, MM5, 40 CFR 266). 

Schematic diagrams of the sampling trains used during the testing are provided in Appendix E. 

4.2   TEST EXECUTION 

4.2.1 Shakedown Testing 

Prior to performing the three planned test runs, two days of shakedown testing were conducted. 
The purpose of the shakedown testing was to evaluate the operational ability of the system to 
meet the program objectives. 

The first day of shakedown testing was conducted primarily to monitor the equipment operability 
and to provide the operators with process familiarization. The operators also became familiar 
with their respective responsibilities, and gained an understanding of how the system responded to 
the waste material being processed. Operators were familiarized with the feed characteristics, 
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required sample handling techniques, and fluidization characteristics, and data collection and 
process monitoring requirements specific to the testing. 

The second day of shakedown testing was used to refine the operational procedures and fine tune 
the process in preparation for meeting the test parameters planned for the three scheduled test 

runs. 

4.2.2 Matrix of Test Parameters 

The pilot-scale test program developed for this study allowed for three (3) days of testing (one 
test run per day). The process was operated for approximately twelve (12) hours each day and 
shutdown overnight between test runs. The twelve hours of operations included startup, 
operation, shutdown, and sampling. 

The key test parameters investigated during this pilot test included: 

Bed temperature 
Offgas oxygen concentration. 

The target bed operating temperatures were 760, 870, and 980°C (1,400, 1,600, and 1,800$), 
while the target offgas oxygen concentrations were 5.5, 7.0 and 9.0 volume percent for each 
target bed operating temperature. The pilot process was operated at the three target offgas 
oxygen concentrations for each bed operating temperature. The target bed operating 
temperatures span the range of typical fluid bed reactor operating temperatures. Cooling of the 
bed using water addition was required due to the high heat content of the waste feed. 

The effect of varying the bed temperature and offgas oxygen concentration on process emissions 
was measured during the pilot test. Specific emissions measured included: 

Carbon monoxide (CO), sulfur dioxide (SO^, nitrous oxide (NOJ, total hydrocarbons (THC), 
metals, particulates, volatile organics, semivolatile organics, dioxins and furans, HC1/C12, and 
hydrogen cyanide (HCN) as a function of bed temperature at an offgas oxygen concentration of 
7.0 volume percent. 

CO, S02, NO„ THC as a function of offgas oxygen concentration at the three different bed 
temperatures. 

4.2.3 Test Protocol 

After completion of the shakedown test runs, the matrix of test parameters were demonstrated 
using the following protocol: 
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The FBR bed media provides a significant thermal mass such that waste feed can be initiated each 
morning after the process has been shut down overnight. The fluidization air was set at a 
predetermined rate based on the appropriate fluidization velocity determined from the cold flow 
fluidization tests. The waste feed was initiated and the rate adjusted to provide an oxygen 
concentration in the offgas of approximately 5.5 volume percent. The bed cooling water rate was 
adjusted to control the bed temperature at the desired set point. Once steady state has been 
achieved, the system will be allowed to run for at least one hour to record offgas concentrations 
of specific parameters at the test conditions. 

After data was collected at the lowest offgas oxygen concentration, the waste feed rate was 
decreased while the tmidizing air rate remained constant. The waste feed rate was decreasedi until 
the offgas oxygen concentration was approximately 7.0 volume percent. The cooling water feed 
rate to the bed was decreased as required to maintain a constant bed temperature. The process 
was allowed Jo stabilize at these conditions for approximately 30 minutes. After the process had 
stabilized, offgas emission sampling was initiated. Samples were taken for total metals, 
HCl/Clj/HCN, volatile organics, semivolatile organics, and dioxin/furans. Sampling was 
performed at the baghouse outlet, near the location where gas was sampled to the CEMS. The 
sampling procedures follow the guidelines of EPA Method 0030 for volatiles (SW846, Third 
Edition, November 1986) and Method 0010 for semivolatiles, dioxins, and furans (SW846, Third 
Edition, November 1986). 

Once the emission sampling requirements were completed, the waste feed rate was further 
reduced until the offgas oxygen concentration was approximately 9.0 volume percent. The 
cooling water feed rate was again reduced to maintain a constant bed temperature. The process 
was allowed to stabilize at the new conditions for approximately 30 minutes and then operate for 
a minimum of one hour to collect data regarding selected offgas concentrations. 

At the end of the test run, a composite sample of the bed media was taken by collecting grab 
samples from the bottom and top of the bed and combining together. The bed sample taken each 
day was analyzed for particle size distribution, bulk density and total metals. 

After the bed sample was taken, the waste feed, cooling water and fluidizing air were 
discontinued. The large, hot mass of bed media cooled slowly overnight so that the system could 
be quickly started up the next morning. The bed temperature dropped approximately 160 C 

(320T) overnight. 

Test products collected during all runs were weighed and saved as individual samples. Selected 
samples, or composites of selected samples were identified for analysis. 

This protocol was repeated three times at the three test bed temperatures. When the final test was 
complete and the bed had cooled down to a temperature that allowed the bed material to be safely 
handled, the bed was removed, blended and a sample taken and analyzed for particle size distribution, 

bulk density and total metals. 
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5.0   PILOT TEST RESULTS 

5.1 PROCESS OPERATING DATA 

Pressures, temperatures and flow rates were measured during the pilot testing as indicated in 
Table 4-l'. The resulting data were evaluated to determine average values for each parameter of 
interest for each test case. The resulting average values for process parameters associated with 
each test case are summarized in Table 5-1. Photographs of the process equipment and lab notes 
associated with operation of the pilot system are included in the Annexes. 

5.1.1 Waste Feed Rates and Thermal Duty 

The average waste feed rate to the FBR during the testing was approximately 10 kg/h (22 lb/h) 
corresponding to an average thermal duty of approximately 0.21 GJ/h (200,000 Btu/h). The 
residence time of the combustion gas in the FBR was approximately 3.5 seconds in all rune test 

cases. 

There were no significant problems associated with the pneumatic transfer of the waste material 
into the FBR  The discharge from the screw feeder into the transfer line plugged once on the last 
day of testing. The plug was caused by a large paint chip. The full scale process will have a much 
larger transfer line. Therefore, plugging by large paint chips is expected to be of little concern 
The waste to air ratio in the transfer line during the testing was 3.3 kg waste per kg of air or 3.7 
kg of waste per m3 of air (0.23 lb waste per ft3 air). 

5.1.2 Bed Velocity 

The bed inlet gas velocity (calculated at bed temperature and bed inlet pressure) was maintained 
at approximately 0.85 m/s (2.8 ft/s) in the first two days of test runs. The bed inlet velocity was 
increased to approximately 0.98 m/s (3.3 ft/s) on the final day of testing. Both of these values are 
higher than the optimum fluidization velocity (0.76 m/s) measured during the cold flow 
fluidization study for the silica bed media as described in Section 3.2. 

No problems were experienced during the first two days of operation, however, during the third 
day of operation, visible grains of bed media were observed in the cyclone ash. Carryover of the 
bed media indicates the bed velocity was excessive during the third day of testing. Therefore, if a 
similar silica media is used in the full scale process, the process should be operated at a bed 
velocity of approximately 0.85 m/s (2.8 ft/s). 

5.1.3 Bed Temperature 

Bed temperatures were measured at several locations as noted in Section 4.0. All thermocouples 
measuring bed temperature were indicating very similar temperatures during the first two days of 
testing indicating effective fluidization. Approximately half-way through the last day of testing, 
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the temperatures being measured in the bed began to slowly diverge. A possible cause is bed 
agglomeration resulting in a decrease in effective fluidization. 

5.1.4 Baghouse Operation 

One of the purposes of the testing was to measure the effect of bed temperature on the emissions 
of metals from the process. The primary process component for controlling metals emissions was 
a baghouse equipped with fiberglass felt (Hyglas) bags. Metal emissions from a baghouse can be 
impacted by changes in gas temperature at the inlet to the baghouse. The impact on metal 
emissions is caused bv changes in metal volatility with changes in temperature (i.e., increased 
temperature will increase volatility). Therefore the temperature of the combustion gas entering 
the baghouse was controlled at a relatively constant value of 184°C (363°F) during the testing. 
This temperature is representative of typical baghouse operation. 

In addition, the air-to-cloth ratio across the baghouse was maintained at approximately 0.5 m/min 
(1.6 ft/min). Baghouses are typically operated at air-to-cloth ratios of 0.3 to 1.5 m/min (1 to 5 
ft/min). 

The baghouse pressure drop never increased significantly due to a relatively low dust loading in 
the offgas stream. The baghouse did not require pulsing during each day of operation. The 
baghouse was pulsed at the end of each day to collect a sample of baghouse dust that had been 
collected. This indicates that a similarly designed and operated system may only have to be pulsed 
at the end of each day of operation. If a waste with a higher ash content (i.e., B50 waste) is 
processed, the ash loading would increase and baghouse pulsing may be required on a more 
frequent basis. 

5.1.5 Ash Recovery 

Table 5-2 presents a summary of the ash recoveries measured during the testing. The mass of ash 
fed to the process during each test was calculated by multiplying the ash concentration in the 
waste feed (4.01 mass percent) by the total mass of waste material fed during the test. Ash 
recoveries were in excess of 100 percent based on comparing the total mass of ash recovered 
from the cyclone and baghouse to the calculated mass of ash in the waste feed. Ash recoveries in 
excess of 100 percent are a result of bed carryover. 

A silicon balance was conducted on the cyclone ash by comparing the silicon compositions of the 
cyclone ash and the ash from muffle roasting of the composite waste sample. The estimated bed 
carryover from the silicon balance confirmed the visible increase in bed carryover noted in the 
third day of testing. 

Deleting the bed carryover from the ash balance reveals ash recoveries of less than 85 mass 
percent. This implies that ash accumulated in the bed media. Observations of the bed media 
removed from the FBR after testing revealed that the silica media was discolored, apparently due 
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to ash material agglomerating to the silica media. Pictures of the before and after silica media are 

presented in Appendix D. 

Comparing the mass of ash captured by the cyclone with the total ash captured allows 
determination of the collection efficiency of the cyclone. The collection efficiency of the cyclone 
was determined to average 97 percent during the testing. 

5.1.6 Bed Media Characterization 

Characterization of the starting silica bed material included size distribution, bulk density, and total 
metals analysis. The results of these analyses are presented in Tables 5-3 and 5-4 for comparison with 
subsequent samples taken after each pilot test run. The results show that 100 mass percent of the 
sample is sized within the range of 850 to 212 urn (20 by 65 mesh), and the mean particle size of the 
starting bed was between 490 and 520 \im. Traces of iron, aluminum, sulfates, and carbonates were 
found in the silica bed media. Lesser concentrations of other metals were also detected. 

Samples of the bed media were taken at various times during the testing to determine if the 
characteristics of the bed were changing with time. Table 5-3 presents a summary of the particle 
size distribution measured for these samples. These results indicate a trend of increasing particle 
size from the start of the testing to the end. Visual inspection of the final bed revealed some 
particles as large as 2 cm (0.8 inches) in diameter. 

Total metals analyses were conducted on these same bed media samples. Table 5-4 presents the 
results of these analyses. Concentrations of chromium, barium, lead, aluminium, calcium, iron, 
magnesium, potassium, sodium and zinc increased significantly as the testing progressed 
compared to the starting concentration of these metals in the bed media. Comparing the increase 
in bed metals concentration with the metals concentrations in the starting waste ("Bed/Waste 
Metal Ratio" in Table 5-4) provides an indication of the tendency of each metal to remain m the 
bed. This evaluation indicates that the bed media concentrations of phosphorus, potassium and 
sodium increased in greater proportions than other metals present in the waste feed. These three 
metals are known to agglomerate in silica based beds (see reference in Annex). 

The increase in metals concentration in the bed media in conjunction with the increase in particle 
size, and visual observations of the bed media confirms that the bed media was agglomerating 
with waste ash during the testing. Since these increases occurred throughout the testing, it is 
concluded that agglomeration was occurring at all test conditions, not just at the higher 
temperatures. The bed agglomeration could have effected the fluidization characteristics and 
caused the bed temperatures measured at various points in the bed to diverge as was noted in 
Section 5.1.3. 

Bed modifiers are often added to fluid bed systems when agglomeration is anticipated to occur. 
Bed modifiers alter the eutectic temperature for the silica and alkaline metal combinations. Kaolin 
clay is a frequently used modifier (see the reference material in Annex). These results indicate 

57 



that the full-scale process for incineration of the PMB waste must be equipped with the capability 
of adding a bed modifier, such as kaolin clay, to prevent or minimize agglomeration of the silica 

bed. 

5.2 CONTINUOUS EMISSION MONITORING RESULTS 

The offgas from the process (outlet of the baghouse) was monitored continuously for O^ C02, CO, 
NOw SO* and THC. The last four are criteria pollutants that could impact the permitting of a full- 
scale process. The nine test cases were designed to evaluate the effect of bed temperature and offgas 
02 concentration on offgas concentrations of these four criteria pollutants. The results for each of 
these pollutants are summarized in Table 5-5. 

5.2.1 Carbon Monoxide and Total Hydrocarbons 

CO and THC are typically used as indicators of effective combustion in incineration systems. The 
regulatory limit for CO for incineration systems (40 CFR 264, Subpart 0) is 100 ppm (dry volume, 
corrected to 7 volume percent oxygen) on a 60 minute rolling average basis (i.e., arithmetic average 
of the 60 most recent one minute averages). Under the boiler and industrial furnace (BIF) regulations 
(40 CFR 266) combustion systems processing hazardous waste as fuel or raw materials must meet 
the same 100 ppm CO limit or an alternative 20 ppm THC limit. The THC limit is evaluated on the 
same basis as CO (i.e., dry volume, corrected to 7 volume percent oxygen, 60 minute rolling 
average). Well designed and operated incineration systems can typically maintain CO and THC 
concentrations well below these values. 

Combustion efficiency in incineration systems typically increases with increasing combustion 
temperature or increasing 02 concentration in the combustion chamber. The results from the pilot 
testing were consistent with this statement. Figure 5-1 presents a graphical representation of the CO 
concentrations in the offgas from the FBR pilot process as a function of bed temperature and offgas 
02 concentration. All test cases at the lower 02 concentration (i.e., approximately 5.5 volume 
percent) exhibited average offgas CO concentrations in excess of the 100 ppm regulatory limit. All 
the other test cases were in compliance with the 100 ppm CO limit. However, the data indicate that 
the process should be operated at bed temperatures in excess of 800°C (1,472°F) and offgas oxygen 
concentrations in excess of 7 volume percent to maintain a sufficient differential between the 
measured offgas CO and the regulatory limit. 

The THC monitor was not functional during the second day of testing (test cases at a bed temperature 
of 877°C) The THC results from the other two days of testing exhibited the same trend as the offgas 
CO concentration. All test cases except for Case 1A (bed temperature of 779°C and offgas oxygen 
concentration of 5.7 volume percent) exhibited THC concentrations weU below the 20 ppm BIF 
alternative regulatory limit. 

5.2.2   Oxides of Nitrogen 
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Emissions of NOx from combustion systems are generated from two sources; 1) nitrogen in the air 
(thermal NOJ or 2) nitrogen in the fuel or waste (fuel NOJ. Thermal NOx formation is primarily a 
function of the combustion chamber temperature. Generation of fuel NOx is a function of the 
combustion chamber temperature, the nitrogen concentration in the fuel or waste, and the oxygen 
concentration in the offgas. 

The Type H plastic has a significant organic nitrogen content (21 mass percent for B48 PMB waste 
from Table 3-3) compared to the Type V plastic (0.6 mass percent for B70 PMB waste) that can be 
a source of fuel NOv Therefore, contributions from both sources of NOx described above will 
combine to determine the offgas NO, concentration while burning any waste containing Type II 
plastic blasting media. When burning PMB waste that contains only Type V plastic, NOx 

concentrations in the offgas would primarily be thermal NOx. 

Prior to initiating waste feed during each day of the testing, propane was fed to the bed to increase 
bed temperature. The offgas concentrations recorded during these periods provide an estimate of the 
concentrations that may be expected when burning wastes that contain little or no organic nitrogen. 
The data from these periods of operation is as follows: 

Test Run 
Bed Temperature (°C) 
NOx (ppm) 
S02 (ppm) 
Offgas 02 (vol %) 

Comparing the daily startup and measured NOx concentrations provides an indication of the relative 
impact of fuel NOx compared to thermal NOx for the waste mixture processed in the pilot test cases. 
Any PMB wastes processed that contained more organic nitrogen would likely exhibit higher 
concentrations of NOx in the offgas at the same combustion temperature and offgas oxygen 
concentration assuming the nitrogen present in the waste is part of a similar structural group. 

Since NO measurements include all oxides of nitrogen, it is expected that increased oxygen 
concentrations would increase the offgas NOx concentration due to the higher availability of oxygen 
to combine with the organic nitrogen released during combustion. The results in Table 5-5 confirm 
this expectation. It was further expected that increased combustion temperature would increase the 
rate of conversion of nitrogen to the various oxides and therefore result in higher offgas NOx 

concentrations. This expectation was also verified by the testing as shown in Table 5-5. Figure 5-2 
presents a graphical representation of the NOx results. 

The nitrogen contained in the offgas NOx represents an effective conversion of waste nitrogen ranging 
from 2 5 to 3 8 mass percent. The actual conversion of fuel nitrogen to NOx ranged from 
approximately 1.2 to 3.0 mass percent if the apparent thermal NOx component is omitted from the 
conversion calculation. 

#1 #3 
747 761 
152 324 
14 26 

11.2 8.4 
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5.2.3 Sulfur Dioxide 

TO One of the offgas components resulting from the sulfur in the waste is S02. Unlike NO 
concentrations of S02 decreased with increasing oxygen content in the offgas. This was likely caused 
by the increased oxidative state forcing the sulfur from the lower state of oxidation (SOj) to a higher 
state (S03 or S04) thereby reducing the S02 concentration in the offgas. Increased bed temperature 
caused an increase in the offgas concentration of S02. Results of S02 monitoring during the testing 
are presented in Table 5-5. 

The S02 concentrations measured in the offgas represented sulfur conversions ranging from 27 to 114 
mass percent of the measured sulfur content of the waste feed. In addition, significant sulfur recovery 
was measured in the sulfate concentration of the process residuals (see Section 5.4). These results 
indicate a small degree of inaccuracy in either the measurement of the sulfur content of the feed or 
the measurement of the S02 concentration in the offgas. 

5.3 EMISSION S A MPT TNG RESULTS 

Stack sampling trains were utilized to measure the offgas concentrations of the following: 

Volatile organics 
Semivolatile organics 
Dioxins and furans 
Particulates 
Metals 
Hydrogen chloride/chlorine (HCl/Cy 
Hydrogen Cyanide (HCN). 

Volatile organic emissions were measured using an EPA Method 0030 volatile organic sampling train 
'VOST) The semivolatile organics and dioxin and furans were measured using a EPA Method 0010 
sampling train. The extract from the XAD resin tube from the Method 0010 sampling train was split 
for these separate analyses. Metal emissions were measured using a Multiple Metals sampling train. 
Emissions of HC1/C12 and cyanide were measured with a Modified Method 0050 sampling train. 
Measurements of the paniculate emissions were obtained from each sampling train except the VOST 
Figures presenting the configuration of these sampling trains and train analytical results are included 

in the Annexes. 

Table 5-6 presents a summary of all stack sampling results for each test run. All the results presented 
in Table 5-6 are listed as concentrations on a dry basis at standard conditions (20 °C and 1 
atmosphere) and corrected to 7 volume percent oxygen. Spreadsheets showing the raw data used 
to calculate these stack concentrations are included in the Annexes. 
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5.3.1 Volatile Organics 

Only five volatile organic compounds were consistently detected in the VOST samples; 
chloromethane, acrylonitrile, benzene, toluene, and styrene. These compounds were detected at 
relatively low concentrations. There were no significant differences in the measured emissions from 
one test run to the next. 

5.3.2 Semivolatile Organics 

The semivolatile organic compound found at the highest concentration in the offgas was bis(2- 
ethylhexyl)pthalate which is a common product of incomplete combustion (PIC) when burning plastic 
materials. There was a general decreasing trend in the measured emissions with increasing bed 
temperature for this compound. 

5.3.3 Metals 

Metal emissions from processes that use a baghouse for controlling metal emissions are typically a 
function of the particulate emissions and the concentration of the metals in the paniculate. The metal 
determined to be in the highest concentration in the baghouse dust was cadmium. This observation 
is consistent with the highest metal mass emission rate measured from the pilot test process. The 
stack concentration of cadmium increased with increasing bed temperature. The increasing stack 
concentration for cadmium coincided with an increasing cadmium concentration in the baghouse dust. 
Offgas concentrations of metals with a low volatility (barium, chromium, iron, magnesium, and zinc) 
showed an opposite trend of decreasing offgas concentration with increasing bed temperature. This 
was due to the dilutional effect of the increasing cadmium concentration in the emitted particulate. 

Table 5-7 presents a summary of system removal efficiencies (SRE) measured during the pilot testing. 
The average SRE for the three carcinogenic metals detected in the waste feed (arsenic, cadmium, and 
chromium) averaged greater than 99.95 percent. 

5.3.4 Particulates 

The pilot testing was conducted with new bags. The particulate loading on the bags was so low that 
the measurable baghouse pressure drop never increased during testing (i.e., a significant dust cake 
did not form). Therefore, offgas particulate concentrations measured during the pilot scale testing 
are likely to be conservative. The offgas concentrations of particulate averaged 18,208 Mg/m 
(0.0079 grains/ft3), corrected to 7 volume percent oxygen. These concentrations are at standard 
conditions of 20°C and 1 atmosphere. 

The bags used in the pilot test were new bags which allow more fine particulate to penetrate and pass 
through. After several hours of use, some of the larger interstitial channels in the cloth will fill and 
minimize particulate pass through. The dust loading to the baghouse during the pilot tests was low, 
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therefore preventing the formation of a dust cake. A dust cake enhances the particulate removal 
capability of a baghouse by adding additional resistance to particulate penetration. Therefore, the 
particulate and metals emissions measured during the pilot test runs were probably conservative 
compared to performance in a füll scale system with seasoned bags. 

5.3.5 Dioxins and Furans 

Offgas concentrations of dioxins and furans ranged from 6.5 to 40.2 ng/m3 (dry basis, 1 atm, 20°C, 
corrected to 7 volume percent oxygen) expressed as total dioxins and furans and 0.14 to 0.64 ng/m 
(dry   basis,    1   atm,   20 °C,   corrected   to   7   volume   percent   oxygen)   expressed   as 
tetrachlorodibenzo(para)dioxin (TCDD) equivalent. 

Studies conducted by the EPA have shown that increased residence time of combustion offgases at 
a temperature between 232 and 454°C (450 and 850°F) correspond to increased emissions of dioxin 
and furans (USEPA "Municipal Waste Combustion Study: Combustion Control of Organic 
Emissions" EPA/530-SW-87-021C,NTIS Order No. PB87-206090). The Hazen pilot process was 
equipped with an uninsulated cyclone separator and water cooled heat exchanger that slowly cooled 
the offgas through the temperature range optimum for dioxin and furan formation. A full scale 
process could be designed with an insulated cyclone to maintain the offgas temperature above 454 C 
(850°F) prior to entering a partial quench. The partial quench would rapidly cool the combustion 
gases to a temperature less than 232°C (450T) thereby minimizing the residence time the combustion 
gases are maintained at the optimum temperature for dioxin and furan formation. Therefore, it is 
expected that the offgas concentration of dioxin and furans from a full scale process would be lower 
than those measured in this pilot test. 

5.3.6 Hydrogen Chloride/Chlorine 

Emissions of chlorides as HC1/C12 averaged approximately 55,000 Mg/dscm which was equivalent 
to 0 004 kg/h (0 01 lb/h). Approximately 20 mass percent of the total chlorine/chloride in the waste 
feed was captured in the cyclone and baghouse dust likely as metal chlorides. The predicted 
emissions of HC1/C12, assuming the remaining chlorine/chloride in the waste feed is emitted as 
HC1/C12, would be 0.003 kg/h (0.007 lb/h) which is similar to the measured value. 

5.3.7 Hydrogen Cyanide 

The organic nitrogen content of the plastic media provides the potential for generation of hydrogen 
cvanide (HCN) Combustion of plastics containing organic nitrogen may produce measurable 
quantities of HCN, particularly at temperatures less than 760T (1,400«T). The pilot test results 
indicate HCN was generated in all three test runs and that the emissions decreased significantly with 

increasing bed temperature. 

5.3.8 Comparison With Regulatory Limits 
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To minimize emissions, a full-scale process would likely be operated at conditions more similar to 
those demonstrated in Pilot Test Run #2. Table 5-8 presents a summary of the projected emissions 
from a full-scale process operating at a nominal capacity of 227 kg/h (500 lb/h). The projected 
emissions were calculated by scaling up the emissions from Pilot Test Run #2. The projected 
emissions are compared to current and potential regulatory limits in Table 5-8. 

Regulatory limits listed as having the Boiler and Industrial Furnace (BEF) regulations or the State of 
Utah Air Toxics Policy (Utah) as their source were obtained by dividing the applicable ambient air 
standard from the regulations by a site specific dispersion factor. The site specific dispersion factor 
was calculated as a maximum annual average using the Industrial Source Complex Short Term 
(ISCST2). Assumptions used in the modeling included: 

Noncomplex, rural terrain 
Stack height of 9.14 m 
Stack diameter of 0.38 m 
Stack exit temperature of 182°C 
Stack exit velocity of 18 m/s 
No building downwash. 

Projected emissions of metals and volatile and semivolatile organics are orders of magnitude less than 
the potential standards. 

Paniculate emissions are an order of magnitude less than the current regulatory limit for incinerators 
of 185,300 Mg/m3 (0.08 grains/dscf, corrected to 7 volume percent oxygen) imposed under 40 CFR 
264 Subpart O. The EPA is currently considering lowering the paniculate emission limit to a much 
more stringent value of 11,581 Mg/m3 (0.005 grains/dscf, corrected to 7 volume percent oxygen). 
The pilot test data indicates that a process equipped with a baghouse alone for paniculate control may 
require a wet electrostatic precipitator (WESP) to meet the potential limit, if imposed. As was 
discussed in Article 5.3.4, the actual particulate emissions would likely be less than those measured 
during the pilot test after the bags in the baghouse have been conditioned. Therefore, a process 
equipped with a baghouse may meet the regulatory standard for particulate without additional 
equipment, even if the more stringent limit were imposed. 

The only EPA regulatory standard associated with emissions of dioxins and furans is the 6-nines 
Destruction and Removal Efficiency (DRE) imposed on facilities that process dioxin containing waste 
(40 CFR 264 Subpart O). This limit is only applicable when processing dioxin containing wastes 
(RCRA listed hazardous wastes labeled with an F020, F021, F022, F023, F026, or F027 waste code) 
and the PMB waste is not a dioxin containing waste. However, the EPA is currently considering 
imposing stack gas concentration limits on emissions of these compounds. Limits being considered 
are 5 4 to 9 7 ng/m3 (dry basis, 1 atm, 20°C, corrected to 7 volume percent oxygen) for total dioxin 
and furans and 0.12 to 0.17 ng/m3 (dry basis, 1 atm, 20°C, corrected to 7 volume percent oxygen) 
expressed as TCDD equivalents. Total (Dioxin and Furan) and TCDD equivalent data from the two 
test runs at higher bed temperatures were essentially identical to these anticipated limits. As was 
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discussed in Article 5.3.5, the full-scale process is likely to have lower emissions of dioxins and furans 
with minor design modifications. 

The estimated HC1/C12 emission rate from a 227 kg/h full scale unit based on the pilot test data is 0.1 
kg/h (0.23 lb/h). The current regulatory limit for emissions of HC1 is less than 1.82 kg/h (4.0 lb/h) 
or greater than 99 percent removal (40 CFR 264, Subpart 0). Therefore, the pilot test data indicates 
the full scale process would comply with the current regulatory limit for emissions of HC1. 

Projected emissions of HCN from a full scale unit processing waste at 227 kg/h are well below the 
allowable levels calculated using the Reference Air Concentration from the BIF regulations. 

5.4 RESIDUALS CHARACTERIZATION 

The two primary residuals resulting from combustion of the PMB waste in the FBR are ash collected 
in the cyclone and baghouse. Table 5-2 presented ash recoveries from the pilot scale testing. The 
majority of the ash (greater than 97 mass percent) was collected in the cyclone. Samples of both the 
cyclone and baghouse ash were collected from each test run and analyzed for particle size 
distribution, bulk density, and metals content. 

A summary of the particle size analyses using a dry screen analysis is presented in Table 5-9. These 
results indicate the mean particle size of the ash captured in the cyclone (65 to 100 urn) is less than 
the mean particle size of the ash captured in the baghouse (135 to 170 urn). 

The mean particle size of the baghouse catch was expected to be smaller than that of the cyclone 
catch. Therefore, the particle size distribution data in Table 5-9 is suspect. The particle size 
distribution of samples of the minus 150 urn fractions of the cyclone and baghouse catch were 
measured using an alternative technique known as a Banco analysis. The Bahco analysis is performed 
with a microparticle classifier that segregates particles in terminal velocity ranges. These terminal 
velocity ranges are then converted to equivalent particle sizes using Stokes law. 

Table 5-10 presents a summary of the particle size analysis for a representative sample of the cyclone 
and baghouse catch using the Bahco analysis. These results indicate a much smaller mean particle 
size for the baghouse sample than those reported in Table 5-9 from the dry screen analysis. The 
larger particle size for the baghouse catch using the dry screen analysis could be attributed to particle 
clumping and screen blinding. Results from the Bahco analysis are included in the Annexes. 

The smaller particle size for the baghouse ash resulted in a lower bulk density for the baghouse ash 
(0 4 g/cm3 packed) compared to the cyclone ash (1.47 g/cm3, packed excluding Test #3). The 
particle size'analyses in Table 5-9 for the cyclone catch also reflects the bed carryover that was visible 
in the cyclone ash from Test #3. 
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A summary of the metals analyses for the cyclone and baghouse ash samples is presented in Table 5- 
11. The metals concentrations in the starting waste and muffle roasted ash from pre-pilot test 
activities have been included in Table 5-11 for reference. 

Metals that are typically considered to be volatile metals include mercury, cadmium, lead, potassium, 
and sodium. The results consistently demonstrate that the concentration of these metals are higher 
in the baghouse ash than the cyclone ash. This is caused by condensation of the volatilized metals 
onto the smaller particles that are captured in the baghouse. The increased concentration of volatile 
metals in the baghouse dust causes a dilutional effect on metals considered to be nonvolatile, such as 
aluminum, barium, calcium, chromium, iron and magnesium. Therefore, concentrations of these 
nonvolatile metals tend to be lower in the baghouse dust than in the cyclone ash. This was not true 
for Test Run #3 where the concentrations of metals in the cyclone ash were diluted by the bed 
carryover. 

Table 5-12 presents the ratio of ash concentrations for the baghouse and cyclone ash for all three 
tests. The data in Table 5-12 has been organized in decreasing order of the average ratios. Metal 
chlorides are typically much more volatile than metal oxides or the pure metal which would account 
for the highest ratio being determined for the chloride anion. The ratios calculated for Test Run #3 
are much higher than the ratios for the other two test runs reflecting the effect of the bed carryover. 

The silicon content of the cyclone ash compared to the ash from the muffle roasted waste again 
confirms that bed carryover was occurring in all three test runs. The increased silicon concentration 
of the cyclone ash from Test Run #3 is an additional confirmation of the increased bed carryover 
observed in that test run. 

The sulfate concentrations measured in the residuals indicate a tendency to accumulate in the smaller 
particles (baghouse dust). The mass of sulfur recovered in the residuals represented an average of 
12 mass percent of the sulfur in the starting waste. The recovery of sulfur in the residuals decreased 
with increasing bed temperature (i.e., Test Run #1 -16 mass percent, Test Run #2 -12 mass percent, 
Test Run #3 - 9 mass percent). 
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6.0   STABILIZATION TEST RESULTS 

6.1 INTRODUCTION 

The starting waste was RCRA characteristically hazardous due to teachability of metals. These 
same metals are present in the ash from the fluid bed combustion process at much higher 
concentrations due to volume reduction of the PMB waste. Therefore, the ash resulting from the 
combustion process remains a characteristically hazardous waste, but in a significantly smaller 
volume of material (approximately 95 percent less volume). The resulting ash must be managed 

in some manner. 

One alternative is land disposal. However, prior to land disposal the ash must be treated to 
remove the characteristic hazard. Stabilization is the technology required by 40 CFR 268 (Land 
Ban) for treatment of materials that are hazardous due to the teachability of metals. Therefore, 
one of the objectives of the pilot test was to prepare a representative sample of the ash from the 
combustion process and conduct stabilization tests to determine if the characteristic hazard of 
metal leachability can be removed. 

Stabilization requires addition of materials such that the mass of material finally requiring disposal 
could be significantly greater than the starting quantity of ash. The cost of these additives and 
cost for disposal of the resulting mass of stabilized materials may necessitate a more detailed 
stabilization test that would more precisely identify the optimum mix that minimizes the cost of 
additives and final mass of materials requiring disposal. The purpose of the stabilization tests in 
this work was to determine if the ash could be stabilized. 

6.2 ASH COMPOSITE SAMPLE 

There were two primary residuals resulting from the fluid bed combustion process; cyclone ash 
and baghouse dust. Characterizations of these two residuals were presented in Section 5.0 of this 
report  The cyclone ash represented approximately 96 weight percent of the total mass of 
material from these two residual streams. An ash composite sample was generated for 
stabilization testing from the cyclone ash and baghouse dust collected during the three pilot test 
runs. Table 6-1 presents a summary of the weight percent of each residual stream from the pilot 
test used to form the ash composite sample for stabilization testing. 

6.3   STABILIZATION TEST RESULTS 

An aliquot of the ash composite sample was analyzed using the Toxicity Characteristic Leaching 
Procedure (TCLP) test to identify the baseline leachability of the metals contained in the sample. 
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Results from the TCLP test of the ash composite sample are presented in Table 6-2. The results 
indicate that the ash composite sample fails to comply with the TCLP limit for cadmium and 
chromium  Although barium and lead were present in the ash composite at significant 
concentrations, analysis of the leachate from the TCLP test indicated these two metals were in a 

stabilized form. 

Aliquots of the ash composite sample were mixed with various media typically used to stabilize 
metals. The three media used were fly ash, Type II Portland cement and blast furnace slag. 
Samples of the fly ash and blast furnace slag used as stabilizing agents were analyzed for major 
and trace metals using an x-ray fluorescence spectographic scan. The results of this scan are 
summarized in Table 6-3 for reference. 

A total of six mixtures were made and blended with water to form a slurry. Each slurry was 
poured into a mold and allowed to cure for approximately 8 days. After curing, each compact 
was analyzed using the TCLP test. Table 6-2 presents the composition of each compact and the 
resulting TCLP analysis. 

The results indicate that Type II Portland cement alone reduces chromium leachability, has little 
effect on the leachability of cadmium, and significantly increases the leachability of lead (Compact 
#1)   Addition of fly ash to the mixture stabilizes cadmium and lead but increases the leachability 
of chromium (Compact #2). Addition of sodium sulfide (NajS) with smaller quantities of Type H 
Portland cement and fly ash produced a compact that passed all of the TCLP leaching catena 
(Compact #3)   The final three compacts contained Type II Portland cement and ground blast 
furnace slag at varying mixtures. All three of these compacts passed the TCLP leaching catena. 
The lowest bulking factor for a compact passing the TCLP leaching criteria was approximately 
1.8 grams of mixture per gram of ash. 
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7.0   DESIGN AND OPERATIONAL CONSIDERATIONS 

7.1 WASTE PROFILE 

The PMB waste generated at Hill Air Force Base (HAFB) and other facilities are currently being 
disposed of at USPCI by stabilization and landfilling at a cost of $1.08/kg ($980/ton). A 
cos^enefit evaluation of the proposed fluid bed combustion process compared to current waste 
management practices would be impacted heavily by the profile (quantity and characterization) of 
the PMB waste planned for processing. The pilot testing demonstrated that a fluid bed 
combustion process is an efficient technology for accomplishing significant volume reduction on 
PMB wastes. However, waste streams such as the B 50 stream from HAFB would leave 
significant residue after combustion that require additional management. 

Using the 1993 HAFB PMB waste profile from Table 3-1 as an example, 129 metric tons of PMB 
waste would have resulted in approximately 21 metric tons of ash residue (before stabilization) 
requiring management (17 metric tons from the B50 waste stream and 4 metric tons from all other 
waste streams). 

Therefore, a better definition of the waste profile (characterization and quantity) and summary of 
current waste management practices and costs is essential for conducting an effective cos^enefk 
evaluation. 

7.2 OPERATING FACTOR 

The actual capacity of the full scale fluid bed process compared to the design capacity is directly 
related to the operating factor. A one shift a day, five days per week operating schedule was 
requested for the full scale process. This translates into an operating factor of 0.24 (assuming 
maintenance can be conducted on the off shifts). The same process operating 24 hours per day, 7 
days per week would have an operating factor of approximately 0.85 (assuming 0.15 for 
maintenance and miscellaneous downtime) and could process 3.5 times more waste than the same 
process operated only one shift per day, five days per week. The resulting cost per unit mass for 
processing the waste decrease by distributing the fixed annual capital cost recovery over a larger 
volume of waste being processed. This would result in a decrease of the unit treatment cost by a 
factor of approximately 2. Therefore, the requirement for one shift per day operation has a 
significant impact on the unit treatment cost and should be reconsidered. 

7.3 METAL RECYCLE 

Since the ash residues contain significant concentrations of cadmium and lead, recycle for metal 
recovery was considered as an alternative for management of the ash residues. Three companies 
in the business of recycling metals are Horsehead Resource Development Company (HRDC), 
Inmetco, and Encycle. Recycling facilities operated by these three companies have minimum 
limits for concentrations of specific metals in the wastes that they can receive for metal recycle. 
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Of these three companies, Encycle was the only company with minimum feed metal concentration 
limitations low enough to accept the ash from the fluid bed combustion process as a material for 
recycle. The cost for managing the ash through the recycling process was quoted at $200 per 
drum or $500 per metric ton if delivered in bulk. The contact for Encycle was Jeff Cohen at 
(404)350-0216. 
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8.0 CONCLUSIONS 

Specific conclusions that can be stated as a result of the pilot test activities include: 

The annual mass of PMB waste generated at Hill Air Force Base (HAFB) is approximately 123 
metric tons (142 tons). 

The Type II plastic blasting media has a significant organic nitrogen content (approximately 21 
mass percent). 

The B48 and B70 PMB waste streams have ash contents of approximately 2.5 and 6.7 mass 
percent, respectively. 

The B50 waste stream contains inert material (garnet and ash) at a concentration of approximately 

65 mass percent. 

A bed fluidizing air velocity of approximately 0.75 m/s (2.5 ft/s) was determined to be optimum 
using silica as a bed media. A fluidizing velocity of 0.85 m/s was used successfully in the pilot 
tests with silica as the bed media. 

The combined residence time for the combustion gas in the fluid bed and freeboard should be a 
minimum of 3.5 seconds. 

Total ash recovery was approximately 81 mass percent. The remainder of the ash was retained in 
the bed by agglomerating to the bed media. Use of a bed modifier (Kaolin clay) will be required 
to minimize agglomeration of the ash to the bed media. 

The cyclone particulate removal efficiency was approximately 97 weight percent. 

At a bed fluidizing velocity of 0.85 m/s, approximately 20 mass percent of the ash captured in the 
cyclone and baghouse was a result of bed media carryover. 

The average particle size of the bed media increased during the pilot test runs due to 
agglomeration of the bed media with ash residues from the waste. 

Concentrations of phosphorus, sodium and potassium in the bed media increased much more 
rapidly than other metals compared to the feed rates of these metals to the system. This also 
indicates agglomeration of the bed media. 

Offgas concentrations of carbon monoxide and total hydrocarbons decreased with increasing bed 
temperature at constant offgas oxygen concentrations. Offgas concentrations of carbon monoxide 
and total hydrocarbons decreased with increasing offgas oxygen concentrations at constant bed 

temperatures. 
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Offgas concentrations of NO, increased with increasing bed temperature at constant offgas 
oxygen concentrations. Offgas concentrations of NOx increased with increasing offgas oxygen 
concentrations at constant bed temperatures. Concentrations of NOx in the offgas ranged from 
416 to 858 ppm by volume. 

Conversion of organic nitrogen to NOx averaged approximately 3.3 mass percent. 

Offgas concentrations of S02 typically increased with increasing bed temperature at a constant 
offgas oxygen concentration.   Offgas concentrations of S02 typically decreased with increasing 
offgas oxygen concentrations at a constant bed temperature. Offgas concentrations of S02 

ranged from 21 to 90 ppm by volume. 

Detectable emissions of hydrogen cyanide were measured during all three pilot test runs. The 
offgas concentration of hydrogen cyanide decreased with increasing bed temperature. 

Fluid bed combustion processes burning PMB waste should be operated at bed temperatures 
between 800 and 900°C and offgas oxygen concentrations greater than 9 percent by volume to 
minimize emissions. 

The concentration of cadmium in the baghouse dust increased with increasing bed temperature. 
As a result, the corresponding emissions of cadmium in the offgas from the baghouse also 
increased. 

The lowest stack concentration of total tetra through octa dioxins and furans was 6.5 ng/m3 

measured at a bed temperature of 877°C and an offgas oxygen concentration of 7 volume percent. 
The corresponding tetrachlorodibenzoa(para)dioxin (TCDD) toxic equivalent emission rate was 
0.12 ng/m3. These measurements are on a dry basis at 1 atmosphere and 20°C, corrected to 7 
volume percent oxygen. These values are essentially equal to proposed regulatory limits that may 
be applied to a future full-scale system (EPA Combustion Emission Technology Resource 
Document, CETRED). Modifications to the full-scale process design compared to the pilot scale 
process should decrease the offgas concentrations of dioxins and furans below those measured in 
the pilot test. 

Concentrations of paniculate in the offgas averaged 18,200 Mg/m3 (0.0079 grains per dry 
standard cubic foot) corrected to 7 volume percent oxygen. This value is an order of magnitude 
less than the current regulatory limit and essentially equal to the proposed regulatory limit that 
may be applied to the future full-scale process (CETRED). Conditioning of the bags and 
development of a dust cake on the bags should decrease the paniculate emissions from a full-scale 
process compared to the pilot test. 

System removal efficiencies for metals were greater than 99.9 mass percent for those metals 
which were present at concentrations greater than 100 mg/kg in the starting waste. This indicates 
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that a M-scale process equipped with a baghouse will be able to meet the metal emission 

standards. 

Concentrations of cadmium and lead were significantly higher in the baghouse dust than in the 
cyclone ash during the pilot test. This data indicates these two metals have higher volatility than 

other metals. 

The ash residue can be stabilized to meet the regulatory standards for teachability using mixtures 
of ash, Type II Portland cement and blast furnace slag. 
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Table 3-2.  Waste Particle Size Distribution Data 

PAflTWAST WK1 

029407 

Z/23/BS 

Sieve Size 

Cumulative Mass Percent Passing 

B70 Waste B48 Waste B70/B48 

Composite 

B50 

Waste mesh     j        jmi Classifier ' Baghouse \     N04A     |    N03B 

i 

20      i        850 99.8 i       99.5      !       99.9            100.0 995 99.1 

28                600 99.7 I       96.1               99.8      I      100.0 98.6 96.9 

35       !        425 99.5 
I                                          : 

I       84.0       ,       97.6             100.0 94.0     • 90.4 

48      i        300 46.4 i       63.6       '       82.6              99.4 73.0         i 84.0 

65      '        212 19.4 56.3               66.4              98.6 55.0 77.8 

100                150 5.6 46.0              53.7              96.4 39.6 69.3 

150                106 0.8 26.3              42.6              89.1 27.4 54.4 

200                  75 0.1 8.1               29.3              77.4 17.5         I 35.0 

270                  53 0.0 2.4               25.3               61.0 11.9 18.6 

325                   45 0.0 1.6               12.3      I       44.6 7.1         | 13.4 

400      !          38 0.0 0.8       !         6.9      !       31.1       i «         ! 9.9 

Pan      j 0 0      !           0     I           0      : 0 0 

Mean Particle Size (pm) 320-340 170- 180    130 - 140      47-49 190-200 90- 100 

Bulk Density (g/cm3) 

Loose 0.62 0.58       !       0.69      [       0.68 0.68 1.11 

Packed 0.73 0.80              0.96              0.94 0.87 1.50 
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ULTIMATE WK1 

039407 

2X3/7* 

Table 3-3. PMB Waste Elemental Analysis 

Analyte 

Pilot Test Samples 

B50b 

Waste 
B70 Waste 
(TypeV) 

B48 Waste 
(Type II) 

B70/B48a 

Composite 

Moisture 0.67 6.25 3.15 0.87 

Carbon                            [ 56.41 38.06 47.54 20.99 

Hydrogen 7.44 6.01 6.48 2.88 

Nitrogen 0.6 21.0 10.7 1.86 

Sulfur 0.11 0.08 0.09 0.09 

Chloride 0.03 0.13 0.08 0.04 

Ash 6.67 2.54 4.01 65.44 

Oxygen 28.07 25.93 27.95 7.87 

Heating Value (kJ/kg) 25,005 15,747                20,915 8,702 

Heating Value (Btu/lb) 10,750 6,770 8,992 3,741 

Notes: 
a) The composite consisted of 53.4 % B48 Waste and 46.6 % B70 Waste by mass. 
b) The B50 waste consists primarily of Garnet blended with plastic media. 
c) All results are on a wet basis. 
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Table 3-4. Metal Content of Waste Samples 

Metal Analyte 

Metals Concentration (mgAg) 

B70/B48 Composite 

Waste 

RCRA Metals 

Arsenic 

Beryllium 

Cadmium 

Chromium 

Antimony 

Banum 

Lead 

Mercury 

Silver 

Thallium 

50 

985 

1,100 

80 

1,250 

320 

0.1 

50 

Other Parameters 

Aluminum 3,750 

Calcium 1,000 

Carbon 475.400 

Chloride 

Copper 

Iron 

Magnesium 

Nickel 

Phosphorus 

Potassium 

Selenium 

800 

65 

1,680 

245 

10 

10 

40 

0.5 

Silicon 

Sodium 

Sulfate 

Zinc 

7,350 

150 

NA 

790 

Waste Ash * 

50 

5,000 

24,450 

325 

28,700 

4,780 

0.1 

123 

50 

29,500 

26,750 

NA 

NA 

1,175 

30.800 

17,900 

130 

762 

4,445 

0.5 

128.000 

1,275 

25.000 

18,050 

B50 Waste 

Waste 

50 

85 

440 

50 

245 

725 

0.1 

50 

74.050 

5,200 

209,900 

400 

80 

165,000 

8,535 

40 

515 

445 

0.5 

83,700 

Waste Ash a 

50 

50 

255 

NA 

590 

550 

50 

320 

940 

0.1 

50 

106,500 

8,660 

NA 

NA 

120 

239,500 

12.800 

60 

803 

635 

0.5 

127,500 

430 

1,900 

765 

a) Waste plastic ash was generated by muffle roasting an aliquot of the waste at 900 °C. 

b) NA = Not Analyzed 
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Table 3-5.   Summary of Dust Explosion Test Results 

Parameter Test Result Units 

DUST EXPLOSION RISK 

Maximum Explosion Pressure 7.7 bar 

Maximum Rate of Pressure Rise 434 bar/s 

Kst Value 118 bar-m/s 

Minimum Ignition Energy 100 - 300 mJ 

Minimum Ignition Temperature (DustCloud) 440 - 460 °C 

Minimum Oxygen Concentration 12- 15 vol % 

Minimum Explosible Concentration 45-50 g/m3 

ELECTROSTATIC RISK 

Powder Resistivity (44 % relative humidity) 4.2E + 11 ohm-m 

Powder Resistivity (8 % relative humrtty) i                1.1E + 12 ohm-m 

Charge Decay Time (44 % relative humidity) 54 s 

Charge Decay Time (7 % relative humidity) 189 s 
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Table 5-2.   Summary of Pilot Test Ash Recovery 

Test Parameter 

l 
! 

Units 

Test Run 
# 1 

(9/14/94) 

Test Run 
#2 

(9/15/94) 

Test Run 
# 3 

(9/16/94) 

Process Conditions 

Bed Inlet Gas Velocity a m/s 0.87 0.85 0.98 

Bed Temperature ♦c       i 778 877 966 
1  

Bed Pressure kPa 110 110 110 

A<!h Rornuory                                                                                                                                 .—  

Total Waste Feed *g 93 103 108 

Total Ash Feed *9 3.729 4.130 4.337 

Total Cyclone Ash kg 3.803 4.070 j        5.701 

Daily Baghouse Ash kg 0.157 0.124 0.114 

Cyclone Efficiency mass% 96 97 98 

Ash Recovery c mass % ;        106 102 I            134 

Bed Carryover Kg !           1.04 0.77 2.62 

Ash Recovery 9 i     mass% 

i 

!              78 !             83 74 

Baghouse Cleanout fes 0.4 

Total Ash Recovery 9 mass% 81 

Notes: 
a) Based on the fluidizing air flow rate at the bed temperature and pressure. 
b) Ash recovered in the cyclone as a percent of the total mass of ash recovered. 
c) Calculated for each test run with no accounting for bed carryover. 
d) Bed carryover was calculated by conducting a silicon balance on the ash stream, 
a) Calculated for each test run taking into account bed carryover. 
f) Dust collected during decommission»«} of the baghouse. 
g) Calculated for the entire program considenng baghouse dust collected during cleanout 

and calculated bed carryover. 
h) Unrecovered ash could likely be found in agglomerated bed particles. 
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Table 5-3.   Fluid Bed Media Particle Size Distribution Data 

Cumulative Weight Percent Passing 

Sieve Size Starting 

Bed 

Daily Ending Bed Samples Rnal 

Bed mesh /jm 9/14/94 9/15/94 9/16/94 

20 850 90S 99.9              99.8 99.5 99.3 

28 600 906 84.9               82.5               75.6 72.1 

35 425 1Z3 17.5 16.0 11.8 7.2 

48                300 08 0.5       !          0.4                 0.2 0.6 

65                212 OQ 0.1                 0.1                 0.1 0.2 

100                150 0J3 0.0                 0.0                 0.0 0.1 

150                106 oo 0.0                 0.0                 0.0 0.0 

200       :           75 ao 0.0                 0.0                 0.0 0.0 

270                  53 0J0 o.o            o.o    !      o.o 0.0 

325       i           45 ao o.o     !       o.o     '<       o.o 0.0 

400                   38 ao 0.0                 0.0                 0.0 0.0 

Pan aa 0.0                0.0      '         0.0 0.0 

Mean Particle Size (pm) 490 - 520 

Bulk Density (g/cm3) 

Loose 1J6 1.5                 1.4                 1.5 1.4 

Packed \S 
j                     I 

1.7       I          1.7      •          1.7 !           1.7 
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Tab-re 5-o.  Summary of Pilot Test Emissions 

Compound Units a      1 

Pilot Test Run 

#1 !           #2 #3 

Bed Temperature •c         1 773 i                  877 966 

Offgas Oxygen mol %        | 7.1 i                   7.0 7.0 

Otfgas Flow Rate m3/mm       if 1.37 i                    1.40 1.37 

Vnlatil» nrnsnic«f                                                                                                  —  

Chloromethane )jqlm3 42 19 I                    23 

Acrylonitnle ug/m3         ! 43 11 I                    ND 

Benzene !        ug/m3        \ 274 160 i                 212 

Toluene 
1         ug/m3        1 17 8 5 

i         ug/m3         t 6 4 !                       2 

Semivolatile Orqanic3   

ug/m3 63 81 I                    36 

ug/m3        \ 65 380 ! 

Oi-n-butylph'thalate ug/m3 54 2 I                           4 

bis(2-Ethvlhexvl)phthalate 
3         1 ug/mJ 5.489 5.041 !              3.792 

»«»•>i«                                                                                                   ■  

Barium i         ug/m3        I 348 I                  286 j                  167 

Lead ug/m3        ! 510 235 I                  438 

Arsenic ug/m3 48 2 !                       2 

ug/m3 1,107 1.864 i               2.729 

ug/m3 125 96 !                    S3 

Iron ug/m3 878 160 !           104 

Potassium 
3 ug/mJ 224 70 !                    93 

Sodium I       ug/m3 418 i               1.946 I                  250 

1      ug/m3 1,182 i                     140 I                  128 

Miscellaneous Emissions ___  

Paniculate ug/m3 I             19,226 I             18.067 I             17,372 

HC1/CI? b i        ug/m3 |            53.799 57.011 54.965 

Cyanides !        ug/m3 |               1.020 164 37 

Total PCDO/PCOF i         ng/m3 |                 40.2 6.5 8.8 

TCDO Equivalent c ng/m3 !                 0.64 0.12 0.14 

Sfr5 basis a. standard conditions of 20'C (68T) and 1 atmospnere.  Concentrations have been corrected to 

7 volume percent oxygen. 
b) Based on total chloride content of impmger sotuuons.  Not differentiated for HCI and C!2. 

c) Based on USEPA 1989 toxicity equivalents factors. 
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Table 5-7.  Summary of System Removal Efficiencies for Metals 

Concentration of 

Minimum System Removal Efficiency 

Test Test Test 

Metal in Feed Run #1 Run #2 Run #3 

Metal          [ (mg/kg) (%) (%) {%) 

NnMCAROlNnnFNK": UFTAI S                                                _ 

Antimony       j 80 > 99.3184 >     99.3218 >     99.4042 

1 
Barium           ] 1,250 > 99.9876 >     99.9882 

i 
>     99.9906 

Lead 320 > 99.9488 >     99.9561 >     99.9517 

Silver 8 > 99.3257 >     99.3273 >     99.4079 

CARClNOnFNI^ MFTAI S                                                                       .  

Arsenic            j                    2 > 99.6237 >     99.9354 >     99.9418 

Cadmium       !;               985 > 99.9738 >     99.9621 >     99.9521 

Chromium       i             1,100 > 99.9887 >     99.9890 >     99.9908 

nTHPP UFTAI S  

Aluminum 3,750 > 99.9845 I    >     99.9839 >     99.9866 

Calcium          !             1,000 > 99.9841 !    >     99.9800 >     99.9906 

Copper 65 !    > 99.8309 >     99.8321 >      99.8513 

Iron 1,680 > 99.9872 >     99.9922 >     99.9935 

Magnesium 245 ;     > 99.9498 >     99.9502 >     99.9569 

Potassium 40 > 99.6876 >     99.7076 >     99.7331 

Sodium 150 > 99.8883 >     99.8952 >     99.9032 

Zinc ;                 790 > 99.9676 >     99.9838 >      99.9858 

Notes: laiutiral detection limit s. Therefore, 

reported SRE's are minimum values. 
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Table 5-8.  Comparison of Projected Full 

RCGCOMP WK1 

329407 
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-Scale Emissions to Regulatory Limits 

Compound Units    I 

Projected" 

Emissions 

Regulatory Limits 

Current                I Potential 

Value b Source   j Value b Source 

Volatile Organics 

Chloromethane g/h       i 0.041 NA        i                     I 2.333 BIF 

Acrytomtril-ä •                         1 g/h 0.024 NA        i 125 BIF 

Benzene g/h       [ 0.343 NA                              ! 1.000      !      Utah 

Toluene g/h      : 0.017 I               NA                                ! 250,000      i        BIF 

<?<Mnivnlatilfl Ornanirs                                                                                             —_ ,  

Phenol g/h       1          0.175 I               NA                                ! 25,000      !        BIF 

Napthalene g/h 0.819 !              NA                                ! 83      I        BIF 

Di - n - butylphthalate g/h          1             0.004 NA                                ! 41,667      |       Utah 

hisi2 - Ethvlhexvl) Dhthaiate g/h       :|             10.8 NA                                I 13,917      j      Utah 

Mr-trilt                                                                                                                                         —  

Barium g/h 0.070 I          41.667                BIF        i 41,667      !        BIF 

Lei-J ' g/h       ;|          0.068 i                 75                BIF        I 75       i        BIF 

g/h l            0.001 1.9               BIF 1.9       j        BIF 

Cadmium |       g/h il          0.121 i               4.7               BIF 4.7      !        BIF 

Chromium g/h 1            0.063 0.7       '        BIF       ! 0.7      I        BIF 

Miscellaneous Emissions 

Paniculate c /jg/m3 18.067 i       185.300              RCRA      i 11,581       !   CETRED 

HC!/CI? d I       g/h i            113.5 1,816             RCRA     ! 333      I        BIF 

Cyanides g/h       i|          0.314 NA         !                       i 16.667      I        BIF 

Total PCDO/PCDF ° ng/m3    i|             S.5 i              NA 5.4 - 9.7         CETRED 

TCDD Equivalent c' 8 ng/m3     I            0-12 NA                                I 0.12-0.17   !   CETRED 

NA - Not Applicable 
BIF  -  Boiler and Industrial Furnace Regulations (40 CFR 266) 
Utah  -  State of Utah Air Toxics Policy 
RCRA  -  40 CFR 264 (Subpart O, Incinerator Regulations) 
CETRED  - Combustion Emission Technical Resource Document 

a7~Projected emissions were estimated by scaling the p.lot test emissions from Test Run #2 to a 227 Kg/h 

full-scale system. 
b) Regulatory limrts wrth a "BIP or "Utah- source w«e calculated from applicable ground level standards using a s.te 

specific dispersion factor of 0.0012 (ug/m3)/(g/h|. 
c) Dry bas,s at standard conditions of 20-C (6fTF) and 1 atmosphere. Concentrations have been corrected to 

7 mole percent oxygen. 
d) Based on total chloride content of impinger solutions. The emissions were not d.fferentiated for HCI 

and Cl2. The potential regulatory limit is the more stringent value for chlorine. 

e) Based on USEFA 1989 toxicity equivalents factors. 
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Table 5-9.  Ash Particle Size Distribution - Dry Screen Analysis 

Sieve Size 

Cumulative Mass Percent Passing 

Cyclone Catch Baghouse Catch 

mesh /jm 9/14/94 9/15/94 9/16/94 9/14/94 9f15/94 9/16/94 

20 850         !       99:9 100.0 99.8 100.0 100.0 100.0 

28 600         i       85.6 95.8 89.3 100.0 100.0 100.0 

35 425                  67.4 73.0 44.0 100.0 100.0 100.0 

48 300         i       58.7 66.4 31.7 97.5 99.6 98.8 

65 212          '■        57.5 65.8 30.6 80.1 82.7 75.5 

100 150                  55.6 ,       63.9 28.3 54.6 555 46.6 

150 106         |       52.5 !       60.2 25.4 26.6 +1.8 32.7 

200 '<           75                   43.2 i        52.3 20.8 11.9 23.1 20.9 

270 53          !       39.4 47.8 17.5 4.6 8.3 9.2 

325 45          '        33.1 42.3 !        15.1 1.5 24 I         2.9 

400 38          !       26.1 i       36.9 |        12.6 1.3 !          14 j   .     0.9 

Pan 0.0 :      o.o 0.0 i         0.0 i         0.0 I         0.0 

Mean Part 
I 

icle Size (pm)  :   95-100 i    65-70 ' 450 - 460 135 - 140 
! 135-140 I 160 - 170 

Rulk Density la/cm3) 

Loose 1.05 0.98 1.35 j       0.27 0.30 0.27 

Packed i        1.51 1.43 i        1.70 0.42 '       0.40 '       0.39 
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Table 5-10. Ash Particle Size Distribution - Bahco Microparticle Size Analysis 

Sieve Size 

mesh 

100 

200 

400 

Mean Particle Size (pm) 

jjm 

149 

74 

37 

30.4 

24.8 

18.8 

11.7 

7.8 

3.9 

1.3 

Cumulative Mass Percent Passing 

Cyclone Catch 

Composite Sample 

Baghouse 

Cleanout Sample 

62.5 

55.8 

47.0 

43.6 

42.0 

38.9 

30.2 

21.1 

11.2 

2.9 

1.1 

55-60 

87.5 

87.3 

87.2 

87.1 

87.0 

86.9 

86.5 

85.7 

71.0 

41.1 

20.0 

2-3 

90 



16 

in 
a 
o 0 

0 0 

0 g 8 0 
r\i 

„ 8 CN cn 
CD 

p 
in 70

0 
 

10
0 

60
0 

90
0 

30
0 

50
0 PI p 

IOI V 
mi «- 

8 
in 

i    I    ! 
8! 51 81 8 
51  ° j  CO j CO 

Si s 
f-, a> 

\ e isTi "T O 
CM 

eg 
CN 

«]- CO 
CO 

*" r»* 01 in CO CO 
CO 

m   • • ■— | , 
*    » ffi 

V V 
c 1 1 1 
e   5 ! 1         i 1    1    1 
5   " 1 

** 
•   s K s. 

E 
V 

• 
in 

0 
m 

0 
CM 8 P 

in 
PI  P 
0 i n 
y- 1   f* 

— 1 r^: 0 
61 «; »° 8!g on « 818IS 

CN 1  f- 1   « 
8 P 

in 
CO 

0 
CM 

p 
CO 

0 
CO 

in 
d § p 

CM 
CM 

8 8 
p 

" 
0 

0 

<0 CM ^ "1 -jo COI VI 1* 
1*" 0 

CO 

CO V CO 

0 S V V v V | V 1 
Q_ 

m 1 1 : 

0 °l 1 
I 1 1 1 1 

1 j i    i i   1 
1    1 1 I ! ! I 

U 
a 
0) 

01 • 
89 1   II 

1 
K; 0 
<D > in 8!8 St Si 8! 5 

CM 1   V |   OV   ^ 
8i m 
CO 

01 5 
0! OI O' OI  P'  0 
O ! Pi CN: 0 1 O' v 
tn ■ CM 1 0 ! m i CD " «- 

P Q 1  CD !  P I Q ' O 1  p 
5;   0,    P      O;   O      O 
51   °!   5'  CDi   CN,   CO 

■a 

0 
1«. 

CM     <° 

i.   = 
a Q 
a 

I 
I 

v l 10 
O)    — 

i m"i ml 
|   CM|   -1 1 

«:»l   COI  VI   *-l   OI   P 
»-I ^|  CM|  »1        1 CM-   - 

;  !   ;   i      ; 

v*l      ! CN: 0"   CD"   in 
1         j   O ■   *- j   CN     »- 

0) 
CD *      1 

ffi 
V 

1 1   i   !   !     v! !  !   i   '   •   ,   ' v 1   1   ;       ' 

^ # 3   e 
a.   - 

1     ■ 
•                                \                   1             1      ,      i 

3 01 -   3 Ml1;' '      '      '      '      '      1             1                          i 
LL r- 

T
es

 

ed
 T

em
p

er
a 

C
yc

lo
n

e 

A
sh

 

'     !     !     i     '     i 1       '                                                   ;        ' 

1 c 
O1  01 pi P    O1 p '  O '  <-'  O'  0 

"jinio;     10,10°' 

DIO' 0   0000   0   00   inooo   0 
ö;Oo    0    ceo    omr^tD    0,Q    h- ■ 0.  ID 
S    c;   (D     CN     (0     P5     in     »-'VCD     u     O'   NKD     CO 

"5 
a 
c 

i »-", v'i      i CM", co" 

vi     I     I     I     i     i vi     ! v 

011 0: 0   *- 1     1 in   v 
--I  *-,                            |   CN,   ^, 

1        I         j         i         1         ;         , 

i                  ■         .                            ■ 

CN 1        1  in >  CD ■  h-     OD 

i    '«■    i    . 

|v|     1     1     1 
cc 

u 
c 
0 

= 1 ■     1     !     !     1     '     ! .'                                                      :               ' 
== '  :       i                                              1       i       '       ■       1       1 

■5 0 °! Mil;     i i ! : ; 1 !    h ; 1 1 
Ü 

"5. 0 D:2 8 
>•-    olpiP'PiplO'COipP! 
hnaii 61 0   -   01;. n. '   m 1   CO '   CO 1   CO '   CO I   CO               »-           I 

pOQQPQO    O 1  O 
5    OPO*    P     P     CD     — 
o--iin   or-   *-<D   —, 

O '   CD :   P      O 1   P      O 
O)      '   P   v: 0   0 
O           .   V     C7)11   ID_    V 

a 
c 

S CC 

*      1 

r   a 
a O i         1  *■ 1                  1   ^ 

'C0*i       j ^"i  CO                         ; 
— I      1 col                            ! 

N:  *'   ID'  OI'         1»-     O 
*-   I-ICNCN:      1 es; *- ; 

V ,         1   Ol'i   Ki   O     tu" 
!         1   OI           i   CN     -r- 

< a ffi 1        '         1 
!     I vi 

t     1     ;     i     ;'    .     i 
i               '       !               '   Vj 1      !      :      '      ;      1      1 V 

a c i                 ,     ■     !                 1 i     I     1     1 
a 

5 si 
 —  i       ;                      ■      ' 

2 i           1           I           '            !           ' 1  ;   1   ;   1   ;   ;   1   1   i   <   1   i 

(A 
< 

!    1    !        ;    !    1    !    ' 
CM   oi oi oi Oi Oi Oi *-■ '' 0 

!'■:!;: 

O'. OiO1  O:   O'O'O     0 
OJP     P     O     ID     P     P     V 
fw.  B     V i   CD :   ID ■   N     P3     »- 

1 p 
to 
CM 

1         i         !         ;         !         : 
iO'UVOOiOiO 
:CD'H1P'^;P:CN' 

CD     ü     P     CD '  r-     v 

0 1- I< Ol 0)'     1 oVi cy'i            '     | 
-1   i -i   i   1   :   1 

N~i flk:   */'                     Iff)'«' CN i      i ov to : oi 1 10 

IS!    !    1 

« 
E 
E 
3 

1 
IB 

O 

Iv J      j      j      j  V |      i  V 
1 

> 

I! ! I l 1 s v|    i    j 
0 
0 
0 
Oi 

- 

O    »    •    • 

_    3    a    0 
■S   2   J  S 

1      1      1      1      1       ,      : 
Oil Oi  pi 0 i in i  O!  Oi  *- '■  CO :  c 

i in '  01 mi  CN 1  O '  CD,  H1  w '  tf 
1          ;   O1   VI   P)!   N'   N1               *- 

O'p              Imp'P   pitNiinimpino   0 
S'c«              'SiC 0   oiiOiV.x'O   f-O'in 

1   tf>i  r- ■  2     2,—     CD     O)     »-i   N     TT-   u|   O,   N,  O     P 

i      i in' v!      i <D ! v.      i             I 
j         1         1   CM!         1   CM :                            '         1 
1     1           i     '     ]     ''■     :     i     ! 

a   CD   z   Z   —, 0   ^       ' 
CNI «                    ; co ■ ■— '      '■ 

IT,        1   CD     T- :   in !   CD 
j                   !   CN .         1   CN 1   »- . 

<           K ■vi            '                  : V!     !  v| 1     ,      ;      i      1      1      :      1 'V               '            ! 1/1 

in 

a 

.     j     !     1                     i 
1 

s 
Qi 

C: 
D 

E 
CO 

5^ 
C\JI oim: ol 0   o1 01 *-< ff>: c 

1       iffli*-'       !  CN:  CO1  w; 

o;oopinp!in   oo'Oin   0 ■ 0 ' 3 ■ ° 
woo   01 CD : CD   v   .-;T-:vQin.in-~a) 
f^>o:vcD           (DCM        1              : w (  c*3 ■■«-■•£.    r* 

1- j *~ 11 ; ! : Is 
;     1     1     ■■     ■ c 

«j •- j in ■             ! — ■      '      '             i      1 f^*!      ' 

;   !-    ;   j   ;   !   1   !   !   !   i   : 

;vl  ! '      IV:          Vi 1 
1 < 

,      I      :      1      I      1      1   V 1   V j       |   V '       i 
in 
cc 
CJ •    :   ;   ; i 1           ,           ■           :           '           1           1           •           i           1            ,            i            [           I            ■ 

0 

2 i 

•     1              i                    ,     .    1 51    1    '               1    I e.       5      i                    ■ 
»      ■     '     ! pi     !     '          1          ' oi c-                          ' 1      1 2   E: =l          1     I 
s> i'iiig E   .2-    r'li'i i'5 s   is Jf;f:.l cjV 

« 

Ä w 

0 
Z "co 



«MIAHO.WKl 
02B4O7 

Table 5-12.   Ratio of Baghouse/Cycione Ash Concentrations a 

L 

Analyte 

Chloride 

Mercury 

Cadmium 

Arsenic 

Silver 

Lead 

Antimony 

Zinc 

Potassium 

Sodium 

Copper 

Barium 

Nickel 

Aluminum 

Magnesium 

Calcium 

Chromium 

#1 

37.4 

38.0 

7.4 

9.8 

1.7 

3.5 

4.4 

2.6 

1.5 

0.9 

1.2 

1.4 

1.3 

1.1 

1.0 

0.8 

0.8 

0.9 

Pilot Test Run 

#2 

36.8 

46.0 

8.2 

7.4 

5.1 

3.8 

4.0 

1.8 

1.8 

1.7 

1.5 

1.1 

0.8 

0.9 

0.8 

0.7 

0.8 

0.7 

#3' 

111.3 

23.0 

20.7 

17.4 

22.3 

12.8 

6.4 

42 

4.4 

4.3 

3.5 

1.8 

1.1 

1.2 

1.2 

1.2 

1.1 

1.1 

Average 

61.8 

35.7 

12.1 

11.5 

9.7 

6.7 

4.9 

2.9 

2.6 

2.3 

2.1 

1.4 

1.1 

1.1 

1.0 

0.9 

0.9 

0.9 

Notes: 
a) Ratios were calculated by dividing the concentration of the metal in the baghouse 

dust by the concentration of the meta* in the cyclone ash. 
b) The ratios are higher in Test Run « due to the dilutional effect of the increased 

bed carryover on the metals concentrations in the cyclone ash. 
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Table 6-1. Ash Composite Mass Distribution 

Test Number and Date 

Mass Percentages of FBR Ash 

Cyclone, % Baghouse, % Total, % 

Test 1; September 14, 1994 

Test 2; September 15, 1994 

Test 3; September 16, 1994 

Baghouse Cleanout 

27.45 

27.70 

39.34 

0.00 

1.13 

0.76 

0.79 

2.83 

28.58 

28.46 

40.13 

2.83 

Total 94.49 5.51 100.00 
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Table 6-3.  Analytical Results of Stabilizing Agents 

Blast 

Fly Furnace 

Analysis a Ash Slag 

Major Metals (mass %) | 
Aluminum (AI203) 22.40 7.62 

Barium (BaO) 0.49 0.04 

Calcium (CaO) 17.80 37.95 

Chlorine <    0.02 0.05 

Iron (Fe203) 3.28 0.38 

Magnesium (MgO) 5.47 11.95 

Manganese (MnO) 0.13 0.62 

Phosphorous (P205) 0.58 <    0.05 

Potassium (K20) 0.43 0.44 

Silicon (Si02) 45.35 37.90 

Sodium (Na20) 1.22 0.24 

Sulfur (S03) 1.51 2.86 

Titanium (Ti02) 1.06 0.46 

Total (mass %) 99.72 100.51 

Trace Metals (mg/kg) 
Arsenic 37 <       20 

Chromium 65 26 

Cobalt <        10 <        10 

Copper 124 <        10 

Lead 77 21 

Molybdenum 17 <        10 

Niobium 23 23 

Nickel 27 <        10 

Rubidium 26 24 

Strontium 4,803 396 

Tin 143 <        50 

Thorium 36 <        10 

Tungsten <        10 <        10 

Uranium 36 <        10 

Vanadium 74 32 

Yitrium 48 41 

Zinc j              44 27 

Zirconium j           376 524 

Notes: 
a) Results were determined by SRF spectrographic scan. 
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Annex 1 
Bench-Scale Test Equipment Photographs 
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Figure 5. Four-inch-diameter Batch Kiln System 

The batch kiln system used for this study was comprised of an electrically heated 
furnace which housed the quartz kiln (right center of photo), followed by an 
electrically heated afterburner (left center of photo), and the gas sampling system. 
The Nomex filter and impinger train are shown on the far left of the photo. The gas 
meter and vacuum pump shown on die right were used to measure the system flow 

rates and to control system pressures. 

Auxiliary equipment used in the process included the CEM and a data acquisition 
system (not shown). Data was transmitted from the CEM through the data 
acquisition system to the computer shown on the far right of äw photo. A software 
program was used to record the data on 30-second intervals, and the data trends were 

shown graphically on the terminal. 

Hazen f^garch, inc. 
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Figure 6. Four-inch-diameter Batch Kiln and Afterburner 

This photograph provides a close-up view of the batch kiln and afterburner that were 
used in the testing. Both the kiln (on the right of the photo) and the afterburner 
Geft) were constructed of quartz. The afterburner contained quartz media (0.75 inch 
outside diameter by 0.75 inch long) to provide mixing of the volatile matter and au- 

to enhance the combustion of volatiles. 

Air was introduced into the afterburner at the connecting points between the kiln and 
the afterburner. The connecting port was heat-traced and insulated to reduce the 
potential for condensation of volatiles in that area. A thermocouple was positioned 
between the kiln and afterburner to record the gas stream temperature between the 

two units. 

The afterburner was operated at a temperature of about 1000°C for the purpose of 
effectively combusting the volatile matter that was carried in the gas stream from the 
kiln. The orange glow emanating from the afterburner is the result of the electrical 

heat that is provided to attain the required temperature. 

HazentQdfearch, Inc. 
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Table 3.  Low Temperature Ashing  - Test Run #3 

RUN3.WK1 
040303 
H/aw 

■''F'Tirti».'.;:|f 
(min) 

i                         Temperatures Offg&s Composition 

T1 T2 T3 T4 A1 A2 A3 

1: B«i:^:: 
Kiln 

Outfet 

CC) 
Afterburner 

Biter 

Inlet 
ro (vol%) 

co2 
(VOl%) 

CO 
(PP»V) 

345 711 379 998 131 18 1.5 16 
346 711 378 997 131 18 1.5 16 
347 717 400 998 133 18 1.4 16 

348 697 403 997 134 18 1.6 16 

349 688 404 996 137 18 1.7 17 

350 695 406 996 138 18 1.6 19 

351 693 407 997 140 18 1.5 19 

352 693 408 997 142 19 1.4 20 

353 692 409 996 143 19 1.3 20 

354 691 408 995 145 19 1.2 19 

355 692 410 996 146 19 1.1 20 

356 692 410 996 147 19 1.0 20 

357 696 411 996 148 19 1.0 20 

358 686 412 996 149 19 0.9 20 

359 683 411 996 149 19 0.9 19 

360 679 414 997 150 19 0.8 19 

361 683 415 996 150 19 0.8 19 

362 683 415 996 151 19 0.7 19 

363 685 416 997 151 19 0.7 18 

364 685 417 996 152 19 0.7 18 

365 686 419 997 152 19 0.6 18 

366 690 419 996 152 19 0.6 18 

367 688 419 996 152 19 0.5 18 

368 691 421 997 153 19 0.5 18 

369 689 420 996 153 19 0.5 18 

370 690 421 996 154 19 0.4 18 

371 689 422 996 154 19 0.4 19 

372 690 422 996 153 20 0.3 19 

373 690 423 996 154 20 0.3 19 

374 689 423 997 154 20 0.2 19 

375 692 424 997 154 20 0.2 19 

376 689 423 997 154 20 0.2 19 

377 691 425 997 155 20 0.1 19 

378 690 425 997 153 20 0.0 19 

379 682 404 997 143 20 0.0 19 

380 623 397 990 134 19 0.0 12 

381 577 392 983 126 15 1.7 7 

382 544 387 976 119 17 3.7 8 

383 517 384 968 113 18 1.6 5 

384 495 380 959      108 19 0.7 4 

385 476 375 951 103 19 0.3 3 

119 



Table 3. Low Temperature Ashing - Test Run #3 

RUN3.WK1 
048303 
ii/aw 

:mkfm^m:\ llliiil|:lflll§£^ i«!;oO^ 

T1 T2 T3 T4 A1 A2 A3 

||Tlm«j|j 
(min) fC) 

KUsi 

OutSat 

JRtte? 

llllWÖillil ©2 
(vol%) 

©Q2 ' CO 

302 557 358 996 134 15 0.6 15 

303 557 360 996 134 16 0.4 15 

304 562 361 996 134 16 0.2 15 

305 573 363 996 134 16 0.2 14 

306 593 364 996 134 16 0.2 14 

307 615 364 996 134 16 0.2 14 

308 637 364 995 134 16 0.3 14 

309 658 364 996 134 16 0.3 14 

310 660 365 996 134 16 0.3 14 

311 667 366 996 134 16 0.2 14 

312 675 367 997 134 16 0.1 14 

313 674 368 997 134 16 0.1 14 

314 679 369 996 134 16 0.1 14 

315 674 369 997 134 16 0.1 14 

316 688 369 996 134 16 0.1 14 

317 690 370 996 134 16 0.1 14 

318 690 371 997 134 16 0.1 14 

319 701 372 996 133 16 0.1 13 

320 698 372 996 133 16 0.1 13 

321 703 373 997 133 16 0.1 13 

322 700 374 997 133 16 0.1 13 

323 704 375 997 133 16 0.1 12 

324 702 376 996 133 16 0.1 12 

325 703 376 996 133 16 0.1 12 

326 702 377 997 133 16 0.1 12 

327 704 379 997 133 16 0.0 12 

328 703 378 996 133 16 0.0 12 

329 704 380 998 133 16 0.0 12 

330 703 381 997 134 16 0.0 12 

331 704 381 997 134 16 0.0 12 

332 705 382 997 134 16 0.0 12 

333 70S 382 997 134 16 0.0 12 

334 699 382 997 133 16 0.0 12 

335 705 383 997 134 16 0.0 12 

336 701 384 997 133 16 0.0 12 

337 703 381 998 133 16 0.0 12 

338 708 379 997 132 17 0.0 12 

339 702 380 998 131 18 0.6 13 

340 708 382 997 131 18 1.2 15 

341 714 382 998 131 18 1.8 15 

342 704 382 997 131 18 1.9 16 

343 701 381 997 132 18 1.7 16 

344 697 380 997 131 18 1.6 16 
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Table 3.  Low Temperature Ashing  - Test Run #3 

RUN3.WK1 
040309 
ii/aw 

Time 

(rain} 

Temperatures Otfgas Composition    | 

T1 T2 T3 T4 A1 A2 A3 

Bed 
Kiln 

Outlet 

CO) 

Filter 

co2 
(vol%) 

CD Afterburner 
CO 

Inlet 02 
(vol*H 

259 394 350 997 136 13 3.2 16 
260 393 351 997 136 13 3.4 16 
261 393 350 996 136 13 3.2 16 
262 394 350 996 136 13 2.9 16 
263 396 350 997 135 13 2.9 16 

264 400 349 997 135 13 3.0 15 
265 400 348 996 135 13 3.4 15 
266 399 349 997 135 13 3.6 14 
267 393 344 941 135 13 3.4 15 
268 391 346 975 135 13 2.8 15 
269 403 347 979 135 14 2.2 14 
270 414 345 983 134 13 2.5 13 
271 419 345 986 134 12 4.3 12 
272 420 345 988 135 11 5.2 11 

273 418 345 990 135 11 4.8 11 
274 413 346 991 135 12 4.0 11 

275 410 347 993 135 13 2.9 13 

276 412 346 992 135 14 2.2 14 
277 409 347 994 135 14 1.9 15 

278 396 347 994 135 15 1.7 14 

279 405 348 993 135 15 1.2 15 
280 417 348 994 134 15 1.0 15 

281 425 348 995 134 15 1.5 15 

282 427 348 995 134 14 1.9 14 

283 428 348 995 134 14 1.8 14 

284 432 348 995 134 15 1.5 14 

285 426 349 995 134 15 1.4 14 

286 424 349 994 134 15 1.3 14 

287 438 350 996 134 15 1.0 15 

288 446 349 995 133 15 1.1 15 

289 449 349 996 133 15 1.5 14 

290 450 351 995 133 15 1.4 14 

291 453 351 996 133 15 1.1 14 

292 455 351 996 133 15 0.9 14 

293 453 352 995 133 15 0.9 14 

294 455 352 996 133 16 0.7 14 

295 470 352 996 133 16 0.5 14 

296 485 353 996 133 16 0.5 14 

297 489 353 996 133 15 0.8 14 

298 501 354 996 134 15 0.7 15 

299 519 355 996 134 15 0.6 15 

300 535 356 996 133 15 0.7 15 

301 552 357 996 134 15 0.7 15 
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Table 3.  Low Temperature Ashing  - Test Run #3 

RUN3.WK1 
04GS03 
11/2» 

''T^ifera&s OffgasC©fB^08lBoi':Sl|;^l?;':j 

T1 T2 T3 T4 A1 A2 A3 

Bed 
Kl!» 

Outiet 
CO) 

Aftilbumw 

Rite? 

Inlet 02 CD 

216 373 321 997 137 11 5.0 19 

217 373 320 996 137 11 4.9 19 

218 374 322 997 137 11 5.3 19 

219 373 321 998 136 11 5.3 18 

220 372 319 997 136 11 4.9 18 

221 374 318 997 137 12 4.4 18 

222 374 318 997 136 12 4.3 19 

223 375 318 997 136 11 4.7 18 

224 375 318 997 136 11 4.7 18 

225 378 319 997 136 11 4.5 18 

226 381 320 997 136 11 5.0 18 

227 381 321 997 137 10 6.0 17 

228 S31 321 997 138 9 6.4 17 

229 380 322 997 138 10 6.2 17 

230 379 322 997 137 10 5.7 17 

231 381 323 997 137 11 5.0 17 

232 383 324 997 137 11 4.9 17 

233 383 325 998 136 11 5.4 17 

234 382 326 998 137 10 5.6 17 

235 384 328 997 137 11 5.2 17 

236 386 330 997 137 11 5.2 18 

237 386 333 998 137 10 5.7 17 

238 385 335 997 137 10 5.8 17 

239 385 337 997 137 11 5.3 17 

240 386 339 997 137 11 4.7 18 

241 386 340 997 137 11 4.6 18 

242 386 342 997 137 11 4.8 18 

243 385 343 997 137 11 4.7 18 

244 385 349 997 137 12 4.2 18 

245 389 348 997 136 12 3.8 17 

246 392 344 997 136 12 4.2 16 

247 391 344 998 136 11 5.1 16 

248 390 350 995 136 11 5.2 17 

249 389 352 997 136 11 4.7 17 

250 389 353 998 136 12 4.1 16 

251 390 353 998 136 13 3.6 17 

252 394 352 997 136 13 3.5 16 

253 397 351 998 136 12 4.0 16 

254 396 352 997 136 12 4.5 15 

255 395 351 997 136 12 4.4 15 

256 391 351 997 136 12 4.0 16 

257 391 352 998 136 13 3.5 16 

258 393 351 998 136 13 3.1 16 
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Table 3.  Low Temperature Ashing  - Test Run #3 

RUN3.WK1 
048303 
11/2» 

•■-■Tlme:S 

(minj 

ä^:rf::;J::::ih*KÄ l «HIHJUMUUIW» Wliya« VWIIIJiU«iUUIl 

T1 T2 T3 T4 A1 A2 A3 

Bod 

TO 
Outlet Afterbumar 

Filter 

Inlet 

-- 

°2 
(vol%) 

COg 

(vol%) 

CO 

(PP«V> 
173 358 322 996 137 10 5.8 20 
174 357 321 995 137 10 5.6 20 
175 357 321 996 136 11 5.3 21 
176 358 321 997 137 11 5.1 19 
177 359 322 996 136 11 5.4 18 
178 359 321 995 136 10 5.7 18 
179 358 321 996 136 11 5.5 18 
180 358 321 996 137 11 5.1 18 
181 359 321 996 136 11 4.8 18 
182 358 320 996 136 11 5.0 18 
183 359 320 996 136 11 5.3 17 
184 360 320 996 137 11 5.2 17 
185 361 321 996 137 11 5.1 17 
186 362 321 996 137 10 5.5 18 
187 362 322 997 137 10 5.8 18 
188 361 321 996 136 10 5.8 18 
189 360 320 996 136 11 5.5 18 
190 362 321 997 136 11 5.1 18 
191 362 320 996 136 11 5.2 18 
192 362 321 996 136 10 5.6 18 
193 362 321 996 136 10 5.5 18 
194 361 320 997 136 11 5.2 18 
195 361 318 996 136 11 4.8 19 
196 363 319 997 136 11 4.8 19 
197 363 319 997 136 11 5.1 19 
198 362 319 996 136 11 5.2 19 
199 362 319 997 136 11 4.9 19 
200 361 317 997 136 12 4.5 19 
201 363 317 996 136 12 4.3 19 
202 365 318 QQA 136 11 4.6 19 
203 367 319 996 136 11 5.0 19 
204 367 320 996 137 10 5.6 19 
205 367 320 997 137 10 5.7 19 
206 368 320 997 137 10 5.6 19 
207 370 321 997 137 10 5.9 19 
208 369 320 997 137 9 6.5 18 
209 370 322 997 137 9 6.5 18 
210 370 321 998 137 10 6.1 18 
211 372 321 998 137 11 5.5 19 
212 372 321 997 136 10 5.5 19 
213 372 322 997 137 10 5.9 19 
214 371 321 996 137 10 5.9 19 
215 371 321 998 137 10 5.6 19 
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RUN3.WK1 
010300 
11/2« 

Table 3. Low Temperature Ashing - Test Run #3 

«■*mmmm\ :, ''Yess^sstweie Offgas C@E 

T1 T2 T3 T4 A1 A2 A3 

Time Bed 
CO 

Kiln 

OtAt Aftarfjumsir inlet O2 
(voi%) fvoS%) 

CO 

130 355 325 997 137 7 8.9 17 

131 355 325 997 137 7 8.1 17 

132 354 326 997 137 8 7.6 17 

133 352 325 996 137 9 6.8 17 

134 351 325 996 137 10 6.3 17 

135 351 325 996 136 10 5.6 17 

136 351 324 995 136 10 5.4 17 

137 351 324 996 136 10 5.7 17 

138 352 324 994 135 10 5.9 17 

139 352 324 995 136 10 5.8 16 

140 352 323 994 136 10 5.9 17 

141 353 324 995 136 10 6.3 16 

142 352 324 994 136 10 6.3 16 

143 352 324 995 136 10 6.2 16 

144 352 324 994 136 10 5.9 16 

145 351 323 995 136 11 5.4 16 

146 352 322 994 136 11 5.0 16 

147 351 322 994 136 11 5.1 16 

148 351 321 995 136 11 5.3 16 

149 352 321 995 136 11 5.3 17 

150 351 321 995 136 11 5.1 17 

151 352 321 995 136 11 4.8 16 

152 353 322 995 136 11 5.3 16 

153 354 322 995 136 10 5.9 17 

154 355 322 995 136 10 6.2 17 

155 355 322 995 137 10 6.1 17 

156 354 321 995 137 10 5.8 18 

157 354 322 995 137 11 5.5 18 

158 356 322 995 137 11 5.4 18 

159 357 321 995 137 9 6.3 18 

160 358 322 996 137 8 72 19 

161 359 323 996 137 8 7.6 19 

162 357 322 996 137 8 7.4 19 

163 357 322 995 138 9 7.0 19 

164 356 323 997 138 10 6.4 19 

165 355 322 997 137 10 5.8 19 

166 355 322 996 137 11 5.2 20 

167 356 322 996 137 11 5.3 19 

168 356 322 996 137 11 5.5 20 

169 356 322 996 137 11 5.4 20 

170 357 322 998 137 11 5.2 20 

171 357 322 996 136 11 5.2 S 
172 358 322 99€ 137 10 5.6 20 i 
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Table 3. Low Temperature Ashing  - Test Run #3 

RUN3.WK1 
O403O3 
11/2» 

iperatu*» Offgas Composition 

T1 T2 13 T4 A1 A2 A3 

Time 

(min} 

Bed 

CO) 

Win 

Outlet Aftemnmer 

Filter 

Inlet °2 co2 
(vol%) 

CO 

CO) (vol%) 

87 353 307 992 136 10 6.1 14 
88 354 307 991 136 10 5.9 14 

89 354 308 991 136 10 6.0 15 

90 356 310 992 135 10 6.2 15 

91 355 311 992 136 10 6.2 14 

92 354 310 986 136 9 6.3 15 

93 354 311 989 136 10 6.1 15 
94 357 312 990 136 10 5.9 22 
95 358 313 990 136 8 7.3 19 

96 358 314 991 136 8 7.7 18 

97 358 315 991 136 8 8.0 18 

98 357 316 992 136 8 8.0 17 

99 3S6 317 993 136 8 7.6 18 

100 355 318 993 137 8 7.4 18 

101 354 318 994 136 9 6.7 17 

102 354 318 993 136 9 6.8 17 

103 355 319 994 136 9 7.0 18 

104 353 319 994 136 9 7.0 17 

105 353 320 993 137 9 6.9 17 

106 353 319 994 136 9 6.6 17 

107 352 319 994 136 9 6.3 17 

108 353 320 994 136 9 6.7 17 

109 353 321 994 136 9 6.7 16 

110 352 321 994 136 9 6.9 17 

111 351 321 994 136 9 6.7 17 

112 353 322 993 136 10 6.3 17 

113 352 322 994 135 9 6.5 17 

114 352 321 994 135 9 6.7 16 

115 352 321 994 135 9 6.8 17 

116 353 322 995 135 9 6.5 17 

117 355 320 994 135 9 6.6 17 

118 357 321 995 135 8 7.6 17 

119 358 320 996 135 4 10.5 17 

120 359 322 997 136 1 13.2 453 

121 357 324 997 137 3 12.8 506 

122 354 324 997 137 6 9.4 60 

123 353 323 996 136 9 7.3 23 

124 354 323 996 135 9 7.0 19 

125 354 323 997 135 7 8.0 18 

126 355 323 996 135 7 8.8 17 

127 356 323 997 135 6 9.4 17 

128 356 324 997 136 6 9.6 17 

129 356 325 997 137 6 9.3 17 
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Table 3.  Low Temperature Ashing  - Test Run #3 

RUN3.VW1 
O4S309 

Tim® 
(mm) 

.   /      ' T©88ip®ratur©s Offgas Cempo 

T1 T2 T3 T4 A1 A2 A3 

Bed 
ffCC)   ■ 

OutM 
CO 

Aftefffcumer 
fC)    1 

Fitter 

Inlet 
fC) 

CO 
(ppnty).' 

02 Cog 
(yol%) 

44 328 264 968 131 13 3.2 25 
45 3??9 264 969 131 13 3.3 23 
46 329 265 970 131 13 3.3 22 
47 330 266 9o9 131 13 3.3 22 
48 330 267 970 131 13 3.3 20 
49 331 268 970 131 12 3.5 19 
50 332 269 970 131 12 3.5 19 
51 333 270 970 131 12 3.6 18 

52 335 271 971 131 12 3.9 17 
53 336 272 971 131 12 4.2 17 
54 336 273 972 131 12 4.2 17 

55 336 274 972 131 12 4.2 17 

56 336 274 972 131 12 4.0 18 

57 337 275 972 131 12 3.8 18 

58 338 276 972 131 12 3.9 17 

59 338 276 973 131 12 4.0 16 

60 339 277 973 131 12 4.0 18 

61 340 277 973 131 12 4.0 17 

62 341 278 973 131 12 4.4 16 

63 341 278 978 131 11 4.7 16 

64 343 279 974 132 11 4.9 16 

65 344 279 977 132 11 4.8 16 

66 344 278 976 132 10 5.5 15 

67 346 277 977 133 10 6.1 15 

68 346 278 97S 133 9 6.3 16 

69 346 277 980 134 10 6.3 15 

70 347 280 983 134 10 6.1 15 

71 347 284 984 134 10 5.8 14 

72 347 283 9Bo 134 10 5.5 14 

73 350 279 986 134 10 5.8 14 

74 349 279 987 134 9 6.3 14 

75 350 282 987 134 9 6.5 14 

76 352 282 988 134 10 6.2 14 

77 353 285 989 134 9 6.8 15 

78 353 288 989 134 9 7.1 14 

79 352 291 QflO SfOo 134 9 6.8 15 

80 352 293 989 135 9 6.7 15 

81 353 295 990 135 9 6.4 15 

82 352 298 990 134 10 5.9 14 

83 352 299 990 135 10 6.1 15 

84 353 301 991 135 10 6.2 14 

85 354 304 991 135 10 6.1 14 

86 353 3051                991 135 10 6.3 14 
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Table 3. Low Temperature Ashing  - Test Run #3 

RUM3.WK1 
048303 
11/2*3 

.; 'TilhB|:;i 
{nun} 

Temperatures    % Offgas Composition 

T1 T2 T3 T4 A1 A2 A3 
.     ..        ■■         ,;;?;■■: Kiln 

Afterburner 
Co i 

Filter 
Inlet 
fC) (vol%) (vol%) 

CO 

(ppnv) 
Bed Outlet 

CO 
1 23 227 929 57 16 -0.0 6 
2 24 228 933 63 16 -0.1 7 
3 25 229 936 68 16 -0.0 8 
4 27 231 938 73 16 -0.1 9 
5 32 232 940 78 16 -0.1 10 
6 40 233 942 82 16 -0.1 14 
7 50 234 945 87 16 -0.0 89 
8 60 234 946 90 16 -0.0 52 
9 71 234 948 94 16 -0.0 38 

10 84 233 950 97 16 0.1 34 
11 100 231 951 100 16 0.4 27 
12 117 228 952 103 15 0.9 28 
13 136 225 953 106 14 2.1 29 
14 156 224 955 109 12 4.0 19 
15 173 225 956 112 10 5.4 15 

16 189 226 957 114 10 6.0 14 
17 203 228 959 116 9 6.2 13 
18 216 230 960 118 9 6.3 13 

19 228 232 961 120 9 6.2 13 
20 238 234 962 122 10 6.0 14 

21 247 235 963 122 10 5.7 15 

22 254 237 963 123 10 5.4 16 

23 262 239 964 124 11 5.0 18 

24 269 240 964 125 11 4.9 19 

,             25 275 242 965 126 11 5.0 20 
26 280 244 965 127 11 4.9 20 
27 285 245 965 128 11 4.6 23 
28 290 247 966 128 12 4.3 26 

29 295 248 966 128 12 4.2 29 

30 298 249 966 129 12 4.2 30 

31 302 251 966 129 12 4.1 31 

32 305 252 967 129 12 3.9 35 

33 307 254 967 130 12 3.6 38 

34 310 255 966 130 13 3.4 41 

35 313 255 967 130 13 3.3 37 

36 316 256 966 130 12 3.7 30 

37 319 257 967 130 12 4.1 25 

38 322 258 968 130 12 4.4 23 

39 323 259 958 131 12 4.3 23 

40 324 261 968 131 12 4.1 24 

41 324 261 969 131 12 3.8 26 

42 326 262 969 131 12 3.5 27 

43 327 263 969 131 13 3.3 27 
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Table 2.  Low Temperature Ashing Test - Test Run #2 
11/2« 

Tesstperatures ©ffgas Compo       | 

T1 T2 T3 T4 A1 A2 A3 

■/■',: Bed!!;:'; 
Kill» 

Chattet Afterburner 

Bite? 

isrtat 
fC) (voi%) 

CO2 CO 

302 596 361 993 136 16 0.0 8 

303 604 363 993 136 16 0.0 9 

304 596 363 993 136 16 0.0 9 

305 605 365 993 135 16 0.0 9 

306 599 364 993 135 16 0.0 9 
307 597 360 992 132 16 0.0 9 

308 614 362 994 134 16 0.4 9 

309 607 364 993 135 17 1.8 10 

310 610 365 994 134 17 2.1 10 

311 605 365 993 134 17 1.8 10 

312 601 365 993 133 18 1.6 10 

313 598 366 993 133 18 1.4 10 

314 598 366 993 133 18 1.3 9 

315 600 367 994 132 18 1.2 9 

316 596 367 994 131 18 1.2 9 

317 592 367 993 131 18 1.1 9 

318 593 367 994 132 18 1.1 9 

319 589 367 993 133 18 1.0 9 

320 590 368 994 134 18 1.0 9 

321 591 372 993 135 18 0.9 9 

322 588 379 994 137 18 1.0 9 

323 589 383 993 139 18 1.1 9 

324 589 384 994 141 18 1.0 10 

325 585 385 994 142 18 0.9 10 

1    326 586 386 994 143 18 05 10 

327 591 387 993 145 19 0.8 10 

328 599 390 994 146 19 0.8 10 

329 602 391 994 146 19 0.7 10 

330 602 392 993 147 19 0.7 10 

331 605 393 994 147 19 0.7 10 

332 602 393 994 148 19 0.6 10 

333 606 393 993 149 19 0.6 10 

334 604 394 994 150 19 0.5 10 

335 606 394 993 151 19 0.5 10 

336 604 395 994 151 . 19 0.4 11 

337 604 394 993 152 t9 0.4 11 

338 607 396 994 153 19 0.3 11 

339 605 396 994 153 19 0.3 11 

340 607 396 994 153 19 0.2 12 

341 605 396 993 153 19 0.2 12 

342 606 396 994 153 19 0.1 13 

343 607 390 986 156 19 0.0 14 
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Table 2. Low Temperature Ashing Test - Test Run #2 

RUN2.WK1 
040309 
11/303 

Tim« 
(min) 

m^:;:-amm< - Tempo raturas Offgas Composition 

Ü 

T1 T2 T3 T4 Al A2 A3 

I Bed 
rc) 

Win ;      s .■.■ Filter 
0£ 

(vol%J 
C02 

(VOl%) 

CO 
-:'(ppn^':-' 

Outlet Afterburner Inlet 

("C> 

259 434 382 993 136 11 3.3 15 

260 432 379 992 131 11 4.3 14 

261 436 378 992 133 13 2.8 19 

262 440 376 992 134 13 2.3 12 

263 445 374 992 135 13 2.2 11 

264 447 371 992 136 13 2.2 11 

265 455 370 992 136 14 1.8 11 

266 460 367 992 135 14 1.8 11 

267 465 365 991 136 14 1.7 11 

268 470 364 991 136 14 1.5 11 

269 470 361 991 136 14 1.2 11 

270 475 360 992 136 15 0.9 11 

271 484 358 991 134 15 0.8 11 

272 490 356 991 135 15 0.8 11 

273 499 355 992 134 15 0.8 11 

274 506 354 992 134 15 0.8 10 

275 505 352 991 134 15 0.7 10 

276 510 350 991 134 15 0.6 10 

277 516 349 991 135 15 0.5 10 

278 529 348 990 134 15 0.5 10 

279 536 346 991 134 15 0.5 10 

280 536 346 992 134 15 0.5 9 

281 546 344 991 134 15 0.4 9 

282 558 343 991 134 15 0.4 9 

283 559 343 992 135 15 0.4 9 

284 555 342 991 135 15 0.4 9 

285 566 342 993 135 15 0.3 9 

286 575 341 991 135 15 0.3 9 

287 572 341 991 135 15 0.3 8 

288 583 343 991 135 15 0.2 8 

289 582 345 991 135 15 0.2 8 

290 588 346 992 136 15 0.2 8 

291 589 349 993 136 15 0.2 8 

292 591 350 992 136 15 0.2 8 

293 599 352 993 136 15 0.1 8 

294 594 353 992 136 15 0.1 8 

295 601 355 992 136 15 0.1 8 

296 597 356 992 136 15 0.1 8 

297 601 357 992 136 16 0.1 8 

298 603 358 992 135 16 0.1 8 

299 589 35S 992 135 16 0.1 8 

300 604 361 992 
99J 

135 
135 

16 
16 

0.1 
0.1 

8 
8 

301 b\jd 
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Table 2.  Low Temperature Ashing Test -  Test Run #2 

RUN2.WK1 
048309 
11/ÄB3 

- T®mp®rata8"©$ H'Mr- -Offgl© Composition 

T1 T2 T3 T4 A1 A2 A3 

Tim« 
(min) 

I   Bed"":"" 
Kite 

Outlet ÄSferbumer 

Fitter 
Intel 
rc> 

©2 
(vol%) 

CO 
(ppmy) 

216 377 409 992 144 8 6.9 15 

217 376 408 993 146 8 6.9 15 

218 376 407 992 144 9 6.4 14 

219 378 405 992 141 10 5.8 14 

220 378 405 992 140 10 5.1 14 

221 378 405 993 139 10 5.1 14 

222 377 409 992 140 10 5.4 14 

223 376 413 992 140 10 5.4 14 

224 375 414 992 140 11 5.0 14 

225 378 414 993 140 11 4.4 14 

226 378 412 992 138 12 4.0 13 

227 377 413 992 134 12 3.8 13 

228 381 409 991 124 11 4.0 13 

229 385 413 993 144 10 4.3 13 

230 385 407 992 134 8 4.9 13 

231 385 409 993 134 9 4.7 2,324 

232 383 409 993 135 10 4.3 2,599 

233 382 409 993 135 10 4.9 2,079 

234 384 409 992 136 10 4.8 688 

235 387 408 993 137 11 4.4 222 

236 394 405 993 136 11 4.0 102 

237 399 394 993 137 11 3.9 62 

238 408 398 993 139 10 4.3 45 

239 411 403 995 138 9 5.5 38 

240 409 404 995 127 6 7.2 36 

i           241 407 404 995 127 3 9.6 35 

242 395 402 994 137 2 11.8 59 

243 393 404 994 140 5 10.2 360 

244 396 405 994 139 7 8.2 240 

245 400 404 994 139 10 6.3 97 

246 401 403 994 139 11 4.9 49 

247 403 402 993 139 11 4.4 32 

248 402 401 993 140 11 4.3 25 

249 401 400 992 140 11 4.1 21 

250 399 399 992 139 12 3.8 20 

251 399 397 990 139 12 3.5 18 

252 405 395 991 139 13 3.0 18 

253 408 394 991 139 13 2.6 18 

254 410 391 991 138 13 2.3 17 

255 415 390 991 138 13 2.3 16 

256 426 387 991 137 13 2.5 16 

257 434 384 992 136 13 2.6 16 j 
258 435 384 992 137 12 2.7 ,—JSI 
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Table 2.  Low Temperature Ashing Test - Test Run #2 

RUN2.WK1 
0*8303 
11/203 

. :■' ■       ':  ■. .,■         :' Temperatures Offgas Composition^!:!!!:! 

T1 T2 T3 T4 A1 A2 A3 

Time 
(mm) 

Bed 
TO 

Kiln 
Outlet Afterburner Inlet o2 

(vol%) 
COg 

(vol%) 
CO 

173 358 367 993 138 10 5.5 16 

174 357 368 993 138 9 5.8 16 

175 358 368 993 139 10 5.6 16 

176 359 361 993 139 10 5.4 16 

177 359 358 993 138 10 5.6 16 

178 360 356 993 139 9 6.3 16 

179 360 361 995 140 9 6.3 16 

180 361 357 992 140 9 6.0 16 

181 362 356 992 140 9 6.0 16 

182 362 358 992 141 8 6.8 16 

183 361 358 992 141 8 6.8 16 

184 362 359 992 141 9 6.5 16 

185 364 363 993 141 9 6.2 15 

186 3C4 367 993 141 8 6.8 16 

187 363 369 993 141 8 7.0 16 

188 362 369 992 141 8 6.9 16 

189 363 371 992 142 9 6.4 16 

190 365 373 993 141 9 5.9 15 

191 365 375 992 141 9 6.1 15 

192 363 377 992 142 9 6.5 15 

193 362 377 992 141 9 6.3 15 

194 364 376 992 141 9 6.0 15 

195 364 375 992 141 10 5.5 15 

196 366 377 992 140 10 5.4 14 

197 364 378 992 142 9 5.7 15 

198 363 382 992 141 9 5.8 15 

199 363 388 992 141 10 5.5 15 

200 366 389 992 140 11 4.9 14 

201 365 389 991 140 11 4.7 14 

202 368 391 992 140 10 5.1 14 

203 373 379 993 140 10 5.2 14 

204 374 381 993 141 9 5.5 14 

205 374 387 993 142 7 7.4 15 

206 373 391 993 142 7 8.0 15 

207 372 394 993 142 7 7.9 15 

208 372 395 993 143 8 7.4 15 

209 375 398 993 141 8 6.8 15 

210 375 401 993 141 9 6.4 15 

211 374 403 993 141 8 6.8 15 

212 374 402 993 142 8 6.9 15 

213 377 404 992 143 9 6.5 15 

214 
215 

378 
378 

406 
408 

993 
993 

143 
143 

9 
g 

6.G 
6.3 

15 
15 
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Table 2.  Low Temperature Ashing Test -  Test Run #2 

RUN2.WK1 
046309 
11/201 

T1 

|||||(wf|»a 

T2 

raiium,;>;0'f'i. 
T3 T4 

OffgasCompo 
A1      A2      A3 

\ :>•-.;■.■:■ .'■■■:■•■::::-:.:.;;::;. 

Outfet Ätterfcumor 
fC) 

S.;..Fifths; ::f;S 

InM 
(vot%Jf 

CG 
(ppnv) 

si-''Time''; ;.:■;: 

(mln) 
Rco|:s 

(V0l%) 

130 354 360 992 134 8 7.2 19 
131 353 360 992 134 8 7.1 19 
132 355 359 992 132 8 6.8 20 

133 354 360 991 132 8 6.7 19 

134 355 361 992 131 8 6.8 19 

135 354 361 991 130 8 7.2 20 

136 353 362 991 128 8 7.0 19 

137 354 364 992 128 8 6.9 19 

138 355 364 991 128 9 6.4 19 

139 355 365 992 127 8 6.6 19 

140 355 365 992 127 8 6.8 19 

141 353 364 991 127 8 6.8 18 

142 353 365 992 127 8 6.7 19 

143 354 366 991 128 9 6.4 19 

144 354 364 992 129 9 6.4 25 

145 355 362 992 130 9 6.5 24 

146 357 360 992 131 9 6.4 22 

147 358 360 993 131 9 6.4 21 

148 358 362 992 131 8 7.1 20 

149 357 362 992 133 7 7.8 20 

150 357 362 993 134 7 7.8 19 

151 356 360 993 135 8 7.5 19 

152 354 357 992 135 8 7.1 19 

153 355 356 993 137 8 6.7 19 

154 356 355 992 137 9 6.3 19 

155 358 355 992 137 9 6.3 18 

156 357 357 992 138 8 6.7 18 

157 356 357 992 138 8 7.0 18 

158 355 357 992 139 8 6.9 18 

159 353 359 992 139 9 6.4 18 

160 353 358 992 140 9 6.3 18 

161 354 359 991 140 10 5.8 17 

162 354 359 992 140 9 5.8 18 

163 354 359 992 139 9 5.8 17 

164 353 358 993 140 10 5.7 17 

165 352 362 992 140 10 5.5 17 

166 353 363 992 140 10 5.0 17 

167 354 362 991 140 11 4.8 16 

168 354 363 993 140 10 5.3 17 

169 353 367 993 141 10 5.3 17 

170 353 368 992 140 11 5.0 16 

171 356 368 993 138 11 4.6 16 

172 357 367 993 137 10 4.8 16 
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Table 2.  Low Temperature Ashing Test - Test Run #2 

RUN2.WK1 
040303 

Tim« 
(min) 

Bqit:|||||i' lempeiaiuiB* %: vnya» wwni|jw« 

T1 T2 T3 T4 A1 A2 A3 

Bed 
CO 

Kiln 
Outlet Afterburner 

MFttoatPk ■ 
Intet 02 

(vol%) 
CO2 CO 

87 354 315 998 127 8 7.2 12 
88 353 316 998 127 9 6.6 12 
89 354 317 999 128 9 6.3 12 
90 356 315 998 128 8 6.6 12 
91 356 318 998 128 8 7.2 12 
92 356 320 998 128 8 6.9 12 
93 355 321 996 129 9 6.8 12 
94 357 321 996 130 8 6.7 13 
95 359 322 995 129 8 6.6 12 
96 360 326 994 128 7 7.8 13 
97 359 329 994 129 7 7.9 14 
98 358 331 994 130 7 8.3 13 
99 357 332 993 131 8 7.7 12 

100 356 334 993 129 8 7.2 12 
101 358 335 993 129 8 7.2 102 
102 358 337 993 130 7 7.8 507 
103 358 338 992 130 7 7.8 162 
104 356 339 992 131 7 8.1 26 
105 359 341 993 129 7 7.4 14 
106 359 342 992 129 7 7.9 13 
107 358 343 992 130 7 8.3 15 
108 357 346 992 130 7 7.8 19 
109 356 345 992 132 8 7.6 24 
110 357 346 992 131 8 7.0 23 
111 357 346 991 131 8 7.1 22 
112 357 347 991 130 7 7.4 21 
113 357 349 992 132 7 7.7 21 
114 355 350 991 132 8 7.1 21 
115 354 349 991 132 8 6.9 21 
116 357 350 991 132 8 6.8 20 
117 357 351 991 132 8 7.1 20 
118 356 352 992 133 8 7.4 20 
119 355 353 991 132 8 7.1 20 
120 354 351 991 132 8 7.3 20 
121 357 353 991 132 8 6.7 20 
122 358 354 991 132 8 7.3 20 
123 356 354 992 132 7 7.7 20 
124 356 354 992 132 7 7.8 20 
125 354 354 991 132 8 7.5 20 

126 354 357 992 133 8 7.3 20 

127 355 357 992 134 8 6.8 20 

128 356 357 992 133 8 6.9 20 

129 355 359 991 133 8 7.2 20 
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Table 2.  Low Temperature Ashing Test -  Test Run #2 

RUN2.WK1 
048303 
11/2*3 

:'.':,' ..:.:;;;.:Mai:. ; • T0isp®raturas |?>Ä^ 

T1 T2 T3 T4 A1 A2 A3   I 

Tim® 
(min) 

/' Bed'!;,;-: 

Win 

Outfef Afterburner 

Filter 

Intel 
CC) 

Og G02- CO 
(vol%) (VO«%| ::;;(PP«fr 

44 319 261 986 124 13 2.6 10 

45 323 263 987 124 13 2.8 10 

46 326 265 987 124 13 3.0 10 

47 328 267 988 124 12 3.5 10 

48 329 269 989 124 12 3.9 9 

49 330 271 989 125 11 4.0 9 

50 332 273 990 125 11 4.1 10 

51 333 275 991 125 11 4.2 10 

52 333 277 992 126 11 4.3 10 

53 334 278 992 126 11 4.1 10 

54 336 280 993 126 11 4.1 10 

55 336 282 993 126 11 4.2 11 

56 336 283 992 126 11 4.4 11 

57 3C7 285 993 127 11 4.4 11 

58 339 287 994 127 11 4.2 11 

59 342 288 993 127 11 4.1 11 

60 343 289 994 126 11 4.4 11 

61 344 291 994 126 10 4.9 11 

62 344 292 995 126 10 5.0 11 

63 344 294 995 126 11 4.9 10 

64 346 295 995 126 11 4.8 10 

65 348 297 996 126 10 5.0 10 

66 347 298 995 127 10 5.3 11 

67 346 299 996 128 10 5.2 11 

68 346 301 996 128 10 5.0 11 

69 348 302 996 128 11 4.9 11 

70 348 304 996 129 11 4.7 11 

71 348 304 997 129 11 4.8 11 

72 347 306 997 130 11 4.8 11 

73 349 306 996 129 11      4.6 11 

74 351 307 996 129 11      4.3 11 

75 352 308 997 128 10 4.9 11 

76 353 309 997 129 10 5.5 11 

77 352 309 997 128 10 5.6 11 

78 351 310 997 129 10 5.6 12 

79 349 312 997 128 10 5.2 11 

80 351 312 997 129 10 5.1 11 

81 352 313 997 128 10 5.2 11 

82 353 315 997 129 10 5.4 11 

83 352 314 998 128 10 5.4 11 

84 353 312 998 129 10 5.4 11 

85 354 314 998 128 9 5.9 11 

86 355 312 998 128 9 6.1 1 121 
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Table 2. Low Temperature Ashing Test - Test Run #2 

RUNZWK1 
048303 
11/2/03 

Tim« 
(min) 

Temperatäas Offgas Composition 

T1 T2 T3 T4 Al A2 A3 

Bed 

(°C) 

Win 
Outlet 
fC) 

Aftaibumer 
Filter 
littet 

TO 

02 

(vol%) 
C©2 

(vol%) 
CO 

(Ppn# 
1 22 105 718 68 16 0.0 14 
2 23 107 727 74 16 0.0 15 
3 25 109 762 75 16 0.0 21 
4 30 111 688 78 16 0.0 25 
5 37 113 594 81 16 0.0 30 
6 46 115 610 83 16 0.0 47 
7 57 118 623 86 16 0.0 70 
8 71 121 620 88 16 0.0 50 
9 87 123 323 90 16 0.1 15 

10 106 125 55 92 15 0.2 7 
11 126 127 240 93 15 0.5 6 
12 147 131 791 95 14 1.1 6 
13 165 136 869 98 13 2.1 8 
14 181 141 884 99 13 2.9 13 
15 194 146 894 101 12 3.4 15 
16 206 151 902 103 12 3.8 16 
17 217 156 910 105 11 4.1 15 
18 226 163 919 107 11 4.2 15 
19 234 169 927 108 11 4.2 15 
20 242 176 935 110 11 4.2 16 
21 249 182 941 111 11 4.0 17 
22 256 187 949 113 12 3.8 18 
23 263 193 955 114 12 3.8 19 
24 268 198 958 115 12 3.9 18 
25 272 202 962 115 12 3.9 19 
26 276 207 966 116 12 3.7 19 
27 279 211 969 117 12 3.5 21 
28 281 215 971 118 12 3.2 22 
29 285 219 973 119 13 2.9 22 
30 288 222 975 120 13 2.7 22 
31 291 226 976 121 13 2.6 20 
32 293 229 978 121 13 2.6 19 
33 294 232 978 121 13 2.5 18 
34 296 235 979 121 13 2.3 17 
35 299 238 980 122 13 2.2 15 
36 302 241 981 122 14 2.1 14 
37 303 243 982 122 14 2.1 13 
38 305 246 983 123 14 2.1 13 
39 308 249 984 123 14 2.0 12 
40 310 251 983 123 14 2.1 11 
41 312 253 984 124 13 2.2 11 

42 315 256 985 124 13 2.3 10 

43 317 258 986 124 13 2.4 10 
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RUN1.WK1 
048303 
11/2»3 

Table 1.  Low Temperature Ashing Test -  Test Run #1 

' » '■;.. 

Temparaiures vjngas         njju»iu«n    v 

Tim« 
(min) 

T1 T2 T3 T4 A1 A2 A3 

:..'   Bed 

TO 

Kiln 

TO 

Fitter 

(vol%) 
€®2 

(vol%) 
CO Afterburner 

TO 
Inlet 
em 

337 493 366 981 168 19 0.63 6 

338 495 367 982 169 19 0.57 6 

339 496 368 981 169 19 0.53 6 

340 495 369 982 170 19 0.48 6 

341 496 369 981 171 19 0.42 6 

342 496 370 981 171 19 0.37 6 

343 495 370 981 172 19 0.32 6 

344 496 371 981 172 20 0.27 6 

345 497 371 980 173 20 0.24 7 

346 496 371 981 173 20 0.20 6 

347 497 372 981 174 20 0.16 7 

348 498 373 981 174 20 0.13 7 

349 496 373 981 174 20 0.10 7 

350 483 363 974 148 20 0.08 7 
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RUN1.W« 
040303 
11/2« 

Table 1.  Low Temperature Ashing Test - Test Run #1 

■:'v:::::':'\xx£' - 

■' Time :■■;■' 
(mm) 

Temperatures Offgaa Composition 

Tl T2 T3 T4 A1 A2 A3 

Bed 
TC) 

Kiln 
Outlet 

CC) 
Afterburner 

CC) 
Inlet 

(voiK) 
C€>2 

(vol%) 

CD 
(ppmy) 

289 504 359 982 153 16 0.46 4 
290 504 358 982 153 16 0.43 3 

291 502 359 981 153 16 0.42 4 

292 504 359 982 154 16 0.41 4 
293 505 358 981 154 16 0.37 4 

294 502 358 981 154 16 0.36 4 

295 504 358 981 153 16 0.34 4 

296 505 358 981 153 16 0.33 4 

297 503 358 981 153 16 0.33 4 

298 503 358 981 153 16 0.31 4 

299 506 359 981 153 16 0.29 4 

300 504 358 982 153 16 0.28 4 

301 503 359 981 153 16 0.28 4 

302 505 357 982 153 16 0.26 4 

303 505 359 982 153 16 0.25 4 

304 502 359 982 153 16 0.25 4 

305 504 358 982 153 16 0.24 4 

306 507 359 982 153 16 0.22 4 

307 504 359 981 153 16 0.21 4 

308 503 352 983 151 16 0.20 4 

309 510 355 981 148 17 0.18 4 

310 506 353 982 147 18 0.19 5 

311 504 354 983 146 18 0.61 4 

312 502 352 983 144 18 1.02 4 

313 502 352 983 143 18 1.07 4 

314 502 351 983 143 18 1.14 4 

315 501 351 982 143 18 1.26 4 

316 500 351 982 144 18 1.35 4 

317 499 351 983 144 18 1.41 5 

318 498 351 982 145 18 1.39 5 

319 497 352 982 146 18 1.46 5 

320 496 352 982 147 18 1.38 5 

321 495 351 983 148 18 1.32 5 

322 497 352 982 148 18 1.26 4 

323 496 352 982 149 18 1.23 5 

324 494 351 982 150 18 1.17 4 

325 492 351 982 150 18 1.12 5 

326 497 351 982 150 19 1.09 5 

327 499 351 982 150 18 1.14 5 

328 497 354 982 152 19 1.12 5 

329 489 358 982 156 19 1.13 5 

330 483 360 982 158 19 1.12 5 

331 480 360 981 161 19 1.05 5 

332 483 362 981 162 19 0.99 6 

333 490 363 981 164 19 0.94 6 

334 492 365 982 165 19 0.88 6 

335 494 365 981 167 19 0.77 6 

336 494 366 981 167 19 0.69 6 
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RUN1.WK1 
048303 
11/aw 

Table 1.  Low Temparature Ashing Test -  Test Run #1 

::;:;:Time:S 
(mm) 

affllss Qttgm Composition 

T1 T2 T3 T4 A1 A2 A3 

■ Bed:S- 
Kan 
OatM j&MBfcumer 

Rttor 

Inlet 

from ** * (yoi«| 
CO 

(ppmv) 

241 392 359 987 156 7 7.88 11 
242 392 361 987 156 6 8.47 12 
243 390 359 987 156 7 7.80 11 
244 391 360 987 155 9 6.77 10 

245 394 359 986 156 10 5.86 9 

246 395 360 987 155 9 6.29 10 

247 394 360 986 156 8 6.74 10 

248 395 359 986 156 9 6.19 10 

249 399 357 986 156 10 5.42 9 

250 402 357 987 156 9 5.71 9 

251 403 358 986 156 8 6.85 10 

252 406 358 986 156 9 6.67 10 

253 407 359 986 156 8 6.73 10 

254 408 358 986 156 8 7.20 11 

255 409 358 986 156 9 6.65 10 

256 414 357 987 156 9 6.09 9 

257 417 358 986 156 9 6.31 9 

258 417 358 986 156 9 6.80 10 

259 416 360 986 156 10 6.01 10 

260 421 362 985 156 11 4.98 9 

261 424 363 986 156 11 4.44 8 

262 427 364 986 155 11 4.83 8 

263 430 364 986 156 11 4.44 8 

264 431 364 986 155 12 4.13 7 

265 436 363 985 155 12 3.65 7 

266 445 364 985 155 12 3.24 7 

267 452 363 984 155 12 3.51 7 

268 454 363 985 155 12 3.68 7 

269 458 362 984 155 13 2.87 7 

270 464 363 984 155 14 2.13 6 

271 477 363 984 154 14 1.84 6 

272 481 363 984 154 14 1.97 7 

273 481 362 984 154 14 1.91 7 

274 484 362 983 154 15 1.34 6 

275 492 361 983 154 15 1.05 5 

276 493 361 984 154 15 1.06 5 

277 491 361 983 154 15 0.97 5 

278 495 361 983 154 15 0.84 5 

279 496 360 983 154 15 0.77 4 

280 500 360 982 154 15 0.73 4 

281 501 360 983 154 15 0.70 4 

282 500 359 982 154 15 0.66 4 

283 503 359 982 154 15 0.61 4 

284 503 359 981 153 15 0.61 4 

285 500 359 981 154 15 0.58 4 

286 503 359 981 153 15 0.53 4 

287 504 359 982 154 15 0.52 4 

288 502 358 982 153 15 0.50 4 
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RUN1.WK1 
048303 
M/2Ä3 

Table 1.  Low Temperature Ashing Test  -  Test Run #1 

.;::>:;:;, 
:;..;:::::-^|:^;:::vS;:;■; 

:::::' Time';:i ■: • 
(min) 

ILA." 
MS Composition >»■■•...•-..:■:. VMS' 

T1 T2 T3 T4 A1 A2 A3 

Bed 
CO 

K»n 

Outlet : 
CO ; 

E-:v''.i . 

kfterbumer 

;:,:, Filters§;: 

Inlet 

CO 
0^ 

(vol%) 
00$ 
(volfc) 

CO 
(ppmy) 

193 360 352 986 155 9 6.74 9 
194 361 350 986 155 8 6.71 9 
195 361 351 987 155 8 6.91 9 
196 360 355 986 154 8 6.99 9 
197 359 354 986 154 9 6.60 9 
198 359 352 986 154 10 5.96 9 
199 361 351 986 155 10 5.51 8 
200 361 349 986 155 10 5.72 8 
201 361 349 986 155 9 6.14 9 
202 362 349 986 155 9 5.98 9 
203 364 349 986 156 9 6.07 9 
204 365 349 986 155 8 6.86 10 
205 364 348 986 155 8 7.06 10 
206 363 348 986 154 8 6.89 10 
207 364 348 986 154 9 6.23 9 
208 366 347 986 154 9 5.91 9 
209 367 348 986 154 9 6.38 10 
210 366 347 986 153 9 6.73 10 
211 365 346 986 152 9 6.36 10 

212 366 346 987 151 10 5.93 9 
213 367 343 986 151 10 5.32 9 
214 367 343 986 152 10 5.58 9 
215 365 344 986 152 9 6.02 9 
216 365 346 985 153 10 5.75 9 

217 365 351 986 153 10 5.26 8 
218 367 350 986 153 11 4.80 8 
219 369 347 986 153 11 4.88 8 
220 371 338 986 154 10 5.25 8 

221 372 338 986 154 9 6.21 9 
222 372 337 986 154 8 6.91 10 
223 372 338 986 154 8 6.87 10 

224 372 337 987 154 9 6.36 9 

225 374 336 987 155 10 5.83 9 

226 373 337 986 155 9 6.11 9 

227 373 338 986 154 9 6.54 10 

228 375 340 986 154 9 6.01 9 

229 376 342 987 155 9 6.10 9 

230 376 343 986 154 9 6.43 10 

231 381 345 986 155 9 6.19 10 

232 384 349 986 155 8 6.91 10 

233 385 352 987 156 6 8.47 11 

234 384 354 987 156 6 8.88 12 

235 382 355 987 156 7 8.25 11 

236 384 356 986 155 8 7.26 11 

237 385 356 987 155 9 6.40 10 

238 385 356 986 155 8 6.64 10 

239 389 357 986 155 9 6.70 10 

240      392 358 986 156 8 6.66 10 
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RUN1.WK1 
046303 
11/2/83 

Table 1.  Low Temperature Ashing Test - Test Run #1 

Tim« 
(mfrtj 

Tempar&tuss mg sQtfgtia :Ck>^^itortI:|i|:;::i:' 1 

T1 T2 T3 T4 A1 A2 A3 

Bod 
Kill« 

Outlet 
fC) 

!4 
AfWBumer 

Fitter 
inlet ®2 

(VOl%) 
CO 

145 354 348 987 164 8 7.45 11 

146 353 350 986 163 8 7.37 10 

147 351 351 987 163 8 7.29 11 

148 351 349 986 162 9 6.81 10 

149 352 350 987 161 9 6.58 10 

150 354 346 987 160 9 6.40 10 

151 355 345 987 160 8 6.99 10 

152 354 346 987 160 7 7.58 11 

153 354 348 988 159 7 7.69 11 

154 353 349 986 159 8 7.53 10 

155 352 348 987 159 8 7.36 10 

156 350 346 987 158 9 6.72 10 

157 351 345 987 157 9 6.20 10 

158 352 345 987 157 9 6.10 9 

159 351 345 987 157 9 6.24 9 

160 350 347 987 157 9 6.25 9 

161 350 347 986 156 9 5.94 9 

162 350 350 986 156 10 5.63 9 

163 351 348 986 156 10 5.64 9 

164 352 351 987 156 9 5.97 9 

165 351 348 986 156 9 6.15 10 

166 351 347 986 155 10 5.89 9 

167 351 347 986 155 10 5.71 9 

168 351 347 986 155 10 5.37 9 

169 352 348 985 155 10 5.48 8 

170 352 349 985 155 9 5.89 9 

171 352 351 986 155 10 5.85 9 

172 351 352 986 155 10 5.59 9 

173 351 349 985 154 10 5.07 8 

174 353 350 986 155 10 5.42 8 

175 355 349 986 155 10 5.52 9 

176 356 352 985 155 9 6.15 9 

177 357 355 986 156 8 7.04 10 

178 357 351 986 156 7 7.58 10 

179 356 353 986 156 8 7.54 10 

180 357 356 986 156 8 7.15 10 

181 358 359 986 156 8 7.00 10 

182 359 361 986 157 7 7.54 10 

183 359 361 986 157 7 7.88 10 

184 358 360 986 156 7 7.66 10 

185 358 359 986 155 8 7.10 10 

186 359 357 987 155 9 6.62 9 

187 358 360 987 155 8 7.03 10 

188 359 362 986 155 8 7.38 10 

189 360 363 987 155 8 7.15 10 

190 359 361 987 154 9 6.70 9 

191 360 354 986 154 9 6.21 9 

192 360 354 986 154 9 6.55 9 
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RUN1.WK1 
040303 
11/ae» 

Table 1.  Low Temperature Ashing Test - Test Run #1 

■'■■■'■'''■■■':■.    ■ 

. ;■• - 

Time 
(min) 

Temperatur» Offga* Composition 

T1 T2 T3 T4 Al A2 A3 

Bed 
Kiln 

Outlet 

TO 

;j •^.■Filter;---::":: 
coa 
(vol%) 

CO 
(ppmv) 

Afteinumer Inlet 
(vol%) 

97 358 320 988 110 7 8.39 71 
98 355 322 987 110 7 8.17 246 
99 353 322 988 110 8 7.74 25 
100 351 323 987 111 8 7.32 98 
101 351 323 988 110 9 7.04 88 
102 353 322 987 109 9 6.31 17 
103 354 325 987 110 9 6.30 14 

104 353 326 987 111 8 7.25 13 

105 353 328 987 111 8 7.39 323 

106 351 328 987 112 9 6.58 217 
107 350 330 987 112 9 6.47 22 
108 349 329 986 112 9 6.28 1.167 

109 349 331 987 111 10 5.66 205 

110 350 329 987 110 10 5.71 22 

111 350 327 986 110 9 6.13 15 

112 351 329 987 110 8 7.00 14 

113 349 326 986 110 9 6.57 15 

114 350 329 987 109 9 6.03 13 

115 349 328 986 108 10 5.80 13 

116 350 328 986 109 9 5.94 13 

117 352 328 986 113 8 6.97 13 

118 352 328 986 117 8 7.14 13 

119 352 329 986 121 8 7.34 13 

120 351 332 986 126 8 7.09 13 

121 350 334 986 130 8 7.34 13 

122 349 331 986 134 9 6.80 13 

123 350 333 986 138 9 6.07 12 

124 350 333 986 142 9 6.80 12 

125 350 335 986 145 9 6.49 12 

126 350 337 987 148 9 6.61 12 

127 348 335 987 151 9 6.09 11 

128 349 336 986 152 10 5.83 11 

129 350 337 986 154 9 6.00 11 

130 349 335 986 155 9 6.23 11 

131 349 336 987 157 9 5.99 10 

132 348 336 986 157 10 6.00 10 

133 349 336 987 159 10 5.44 10 

134 350 338 986 159 10 5.64 11 

135 350 335 986 160 9 6.09 11 

136 351 337 986 161 9 6.35 11 

137 353 339 986 162 9 6.58 11 

138 353 340 986 162 8 6.90 11 

139 352 339 987 163 8 6.93 11 

140 352 340 987 163 9 6.84 11 

141 353 343 987 164 9 6.67 11 

142 352 342 986 164 8 6.89 11 

143 352 345 987 165 8 7.08 11 

144 354 347 987 165 1       8 7.19 11 
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Table 1. Low Temperature Ashing Test -  Test Run #1 

RUN1.WK1 
048303 
11/2» 

:^-'''--'^M:^'A \ Tesimetatares    t- !i:yic^ 
■u 

T1 T2 T3 T4 A1 A2 A3       1 

:.:: Time|| 
(mm) 

Bed 
TO 

tan*- 
Ositfet 
TO 

'<5             Is 

Af&r 
1TO f 

Filter 
Inlet 

(voi%) 
CO 

49 315 278 983 93 13 2.61 15 

50 317 279 983 93 13 2.86 14 

51 319 280 983 93 13 3.06 13 

52 321 281 984 93 13 3.15 13 

53 322 282 984 94 12 3.24 13 

54 324 284 984 94 12 3.41 13 

55 325 285 984 94 12 3.48 13 

56 327 286 984 93 12 3.58 12 

57 329 288 985 94 12 3.77 12 

58 329 289 984 93 12 3.88 13 

59 331 290 985 94 12 3.85 15 

60 332 291 985 94 12 3.87 15 

61 332 292 984 95 12 3.98 14 

62 333 293 985 95 12 4.03 14 

63 333 294 985 97 12 3.97 14 

64 334 296 985 98 12 3.96 14 

65 335 297 986 98 12 4.05 14 

66 336 298 985 98 11 4.13 14 

67 336 299 985 98 12 4.08 14 

68 337 300 986 100 12 3.96 14 

69 337 300 986 100 12 3.88 14 

70 337 300 965 100 12 3.98 14 

71 337 301 985 101 12 3.99 14 

72 338 302 Qflfi 101 12 3.93 14 

73 341 303 985 103 12 3.75 14 

74 344 303 986 105 12 3.90 14 

75 346 304 985 105 11 4.84 14 

76 348 305 987 105 10 5.51 14 

77 348 305 986 106 10 5.84 15 

78 350 306 987 105 10 5.65 15 

79 351 306 987 104 10 5.78 15 

80 351 308 987 106 9 6.03 15 

81 351 310 986 106 10 5.90 16 

82 350 313 987 108 10 5.80 16 

83 349 312 987 108 10 5.58 15 

84 352 315 «TOO 109 10 5.21 16 

85 353 315 987 109 10 5.25 15 

86 355 313 967 109 10 5.44 15 

87 356 314 987 110 10 5.70 15 

88 355 315 987 109 9 5.94 15 

89 355 314 987 109 9 6.08 14 

90 353 315 987 109 9 6.25 14 

91 
92 

352 
352 

316 
318 

987 
986 
Q87 

109 
109 
110 

S 
10 
10 

6.17 
5.29 
5.52 

14 
14 
14 

93 
94 
95 
96 

357 
.               35S 
>               359 
i               35S 

OlO 

313 
314 
316 

HOI 

987 
I                 98C 
t                 987 

110 
11C 

'               11C 

8 
I                   7 
>                   7 

6.68 
7.9S 

'              8.2C 

13 
14 

I                 14 
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RUN1.WK1 
040303 
11/2*3 

Table 1.  Low Temperature Ashing Test - Test Run #1 

r 1       .->«,,           Temperatures Qffgas Composition 
- 

T1 T2 T3 T4 A1 A2 A3 

;:■: .Time;;'f. 
(min) 

Bed 

CC) 

Kiln 

Outlet 
<"C)    * 

Afterburner 

CO 

Filter 
Inlet 
(•C) 

02 

(voi%) 
COg 

(voi%) 
CO 

(PP«V) 
1 23 221 976 61 16 0.03 4 

2 23 223 975 67 16 0.02 3 

3 23 224 974 72 16 0.03 4 

4 25 225 973 76 16 0.02 4 

5 28 226 973 78 16 0.02 4 

6 35 227 972 81 16 0.03 4 

7 43 228 973 83 16 0.03 4 

8 54 228 973 85 16 0.02 5 

9 67 229 973 87 16 0.03 5 

10 83 230 973 88 16 0.03 5 

11 100 231 972 90 16 0.06 5 

12 119 232 972 91 16 0.20 7 

13 138 232 974 92 15 0.53 11 

14 155 233 973 93 15 1.07 17 

15 170 233 974 93 14 1.72 20 

16 182 235 975 92 14 2.22 18 

17 192 236 976 92 13 2.51 16 

18 201 237 977 93 13 2.70 16 

19 209 239 977 93 13 2.88 15 

20 216 241 978 93 13 2.98 15 

21 221 242 978 93 13 2.97 15 

22 227 243 978 93 13 2.92 15 

23 234 245 979 93 13 2.88 16 

24 240 246 979 93 13 2.96 16 

25 245 248 980 94 13 3.12 16 

26 249 250 980 94 13 3.20 16 

'            27 253 251 980 94 13 3.16 17 

' 

28 256 253 981 94 13 3.03 17 

29 260 254 981 93 13 2.84 18 

30 264 256 981 93 13 2.67 19 

31 267 257 981 94 13 2.58 20 

32 273 258 982 94 13 2.59 21 

33 278 259 981 95 13 2.71 20 

34 282 261 981 95 13 3.09 18 

35 285 262 981 95 12 3.48 16 

36 288 263 982 95 12 3.66 16 

37 290 264 982 95 12 3.59 16 

38 293 265 982 95 12 3.37 17 

39 296 267 982 95 13 3.22 18 

40 298 267 981 94 13 3.13 18 

41 300 269 981 94 13 3.02 18 

42 300 270 982 94 13 2.88 18 

43 302 271 983 93 13 2.68 18 

44 305 272 983 93 13 2.53 18 

45 306 273 982 93 13 2.43 18 

46 308 274 983 93 13 2.44 17 

47 31C 276 983 93 13 2.46 17 

48                313 277 983 93 13 2.47 16 
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HRI Project 8184 Page 2 of 2 
Quality Assurance Checklist 

Checked       Witnessed 
Analytical ()A Checks by: (initials)   by: (initials) 
Were the as-rcccivcd lest samples submitted for the appropriate analyses TZ?rf/?7        A^M- 
Wcrc the required blanks submitted for analysis 
Were the test products submitted lor the appropriate analyses, and on a timely basis 
Arc the analytical results for the samples within tolerance 

As-Rcccivcd Sample Analyses ~ZZ?/l/rt       /k^jt- 
Kiln Product Analyses ~?/?/T7        £^lL 
Nomcx Filter Sample zf/W #& 
System Wash Solution (Kiln, Afterburner, Condensers, Trap) ^jföflf      /^'f-l^ 
Sampling Train Products - 

Filter ^ZZUti—   Jm 
Impingcrs Js^/? ^^- 

<SfiL "77 Line from Nomcx Filler to Sampling Train Filter ~ry^/?/Tj ^.V4- 
Wcrc reference standards used during the analyses ^~5?'/?/rf ^"^\ 
Were repeats conducted as part of the analyses ~^//7 fn <:&■•#, 
Were duplicate analyses performed in accordance with the work plan —7^477 A&JJ- 

As-rcccivcd Sample ' /\    -7 
Ultimate, Proximate, and Heating Value ^Z/O/f} jf^f^J^ 
Extractable Organic Halides ^/7ff/ ^^"f 
RCRA Metals ^^ ZSSST 
Size Distribution and Bulk Density ^/?/?T wZ-44^ 

Kiln Product ' 
RCRA Metals (if sufficient sample was available) N/Ai K/A 

COMMENTS/SUGGESTIONS BY QA DIRECTOR PERTAINING TO THE QA PROCEDURES 

MOT&: TW   tups   in«*jffiri;n-f jrilnaSh fflPtkidk 4* An -fkü _  

tn 4W    Cih  fJm      UfthjCiicr   4W   \JX3-S   HlSuff\rioiH   srrpll. " ■     ''"      'T"    p*" ' •. ' ii IM—mif»   ■    i 'Tit     11 mi i—--WT I I •> rtii ■ 

Hazen Besaarch, Inc. w 



HRI Project 8184 
Quality Assurance Checklist 

Page 1 of 2 

General Task OA Checks 
Is the project work plan and QA plan completed and approved 
Was the test sample logged in, and signed lor using a chain of custody 
Is the sample being stored in accordance widi the project QA plan 
Was the pretest safety meeting scheduled and conducted 
Was a-pcer review of the test procedures and equipment preparation performed 
Is a project journal being used to record significant events of the program 

PrPt-st OA Chocks 
Is the test equipment to be used well cleaned and operational 
Is the system prepared for testing according to the work plan and the test protocols 
Calibration Checks (backup data required - sec attached sheets) 

Continuous Emission Monitors (CEM) 
Thermocouples 
Pressures 
Mass Measuring Systems 
Flow Measurements 

Have the operational personnel received OSHA training and were ihcy 
present at the pretest safety meeting 

Are there operational data sheets available to manually record the test data 
Is the project journal available to record significant events of the tests 
Arc the systems in place and operational for continuous recording of data. 

- Include the CEM, data acquisition system, and computer logger 

OA Checks Onrinf the Tests 
Were the manual and continuous data being collected and recorded 
Was the project journal being used to record significant events 
Was the test protocol being followed 

Pn«tT^tfiA Checks 
Was the equipment well cleaned at the completion of each test 
Are data sheets and logbook entries complete and accurate 
Arc the journal pages numbered, signed and dated by an operator and a witness 
Were the test samples collected and stored properly 

Kiln Solid Product 
Nomex Filter Sample 
System Wash Solution (Kiln, Afterburner, Condensers, Trap) 

Sampling Train Products 
Filter 
Impingcrs 
Line from Nomex Filter to Sampling Train Filter 

Checked 
by: (initials) 

i: 

Witnessed 
by: (initials) 

^    '-*   ' ' -II      f «      »I— 

Hazenf4garch,lnc. 



HRI Project 8184 
Instrument Calibration Record 

Ambient temperature:        (j?(&  r 
Daromciric Pressure:         Z4rteS"M^ 

Flowmcter        Expected 
Flowmeter Ciilihrsition                                Setting, mm          Row 
Kiln Purge Flowmcter (Nitrogen) 

Point 1, scfm                               ZJ*                 0.05 

Calibration 
Flow 

o. 14^7 

o.457o 
0.7*23, 
Q.lloOZ- 

O.M7 
J.lal» 

Page l of l 

Date 
Completed 

Point 2, scfm ■?-*- 0.10 
Point 3, scfm "70 0.15 

Afterburner Flowmcter (Air) 
Point 1, scfm •54- 0.5 /ßJ/^J» 
Point 2, scfm 3-2- 0.3 "/>rMi> 
Point 3, scfm 

i 

0.8 "jx-H* 
CEM Flowmcter (Process Gas) 

Point 1, scfh 
2.0 

"JiC)?* 
Point 2, scfh •z- /*/**) U 

Cooling Water Flowmcter (Water) 
Point 1, cc/min 

IO) />*> 

TCbyHg 
Thermometer 

Z.I 

400 /ajitfci} 

Point2,cc/min 800 ie/t*l1~> 
Point 3, cc/min 

Temperatures 
Kiln Thcrmcouplc 

in-f/noo 

95°C by Hg 
Thermometer 

7S-.7 

1%7 

5" water by 
Manometer 

8" walcr by 
Manometer 

n.t? 

Date 
Completed 

Kiln Control Thermocouple -Z..2- ,e/r<h*> 
Afterburner Thermocouple Z.\ /o/isin> 
Afterburner Control Thermocouple ^.:5 lohslty 
Nomcx Filter Thermocouple 
Kiln Outlet Thermocouple 2-,/ 

Paniculate Filter Outlet 1.1 /*//*-/?* 

Pressures 
Kiln Inlet Pressure 

1" water by 
Manometer 

I.I 

Date 
Completed 

Afterburner Inlci Pressure 1,0 ■7.0 1.1 lO/ffll* 

Nomcx Filter Outlet Pressure 1,1 •T// !•/,<?/&> 

Masses 
Mcttlcr PM 34 Balance 
Mctllcr PE 6000 Balance 

/ceo rfo 
^GOgnrm 

Standard 

/OOO.O 

2000 gram 
Standard 

•zcoo, o 
■2,000. o 

Date 
Completed 

COMMENTS/SUGGESTIONS PERTAINING TO THE CALIBRATIONS 

Kiln :iurat.-flouirnL-W t5 a firocte node.' R-d.-15-A ui\^ r\ ^c:<A\na\. 

AJ^rbutw-rUff»!^ ^ a ferodes, rsoAa  ^-b-lS-fc mrrha ss 4~loa.4. 

Hazen Iji^arch, Inc. 
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SI&4- lbZ£<{2 

Bulk.   0«r*5vV\j   of    l<Mn orM  pro<iwcV<> 

lb/-Ft1 I«*,,«. M-fr1   pocW 
Test   1   product   : 30.3 31.^ 
~Tes+   Z.   pro<iotV   • Z*.| 35-4- 
T<u +   3  prodod   • Z2.T 32.8 

lest   \    pnoduc"*    r«vjl^(  «s r<^f0'4eji i^owc, ojo-t   Co^ducAoA. in 

sie>^- 

Sorv:..sctWd So* 
d 
to 

.K S>*flC-S "Vror*\ eacK -W.S^ iMb^'Tomd  4o   orrery 
«O^ds,.   TkejSc  sC>U<is  u*«^-T» l-tocd ■f^orN "Hx iOv^lcS 
.d. TV>t solutxcrvS unit. Aivxn bod^ 4o +W_ or*»M\<Al ir\*.d , ar\d Sautd- ~TV>c solutxcrvS coot. Aivxr\ tod^-Vo +W_ onalrkc 

if iW   Solids   rcccxXA-d arc a.s -fbUouJ«S '• 

Test I SysW V*)ask Solids '. O.OA-0 o 
"RsV Z. S^S^AV UJQSK SoUd * '• 0.04-(s e 
Te.st   3   Svjs^ IA)UV\ SoWds'-   0,0^(p 5 

-toLi+ ooc^. serrt to* +ü<Lf<x* +o Pout Sadler -fedov. 

// - ? • fj> 
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3(P 

■idft&ä^acää&ta 

£18 4- lö-2t-<?3 

•Sie        End   -fest  3,    COj.   |S   Wc*o   Ö.IV. 

SV\ui do^A  +hc Ic^ln   3\y3-kMN   c^ndL   aUoco   "to coo' own i «let 

Qb30       Tm+us.-hna   dcafop  of   fcvln   S\/S-W\ -following ~]isi 3 

|<ilf\   UX^K-t '■        G        I04fe. 4"   3 
T IOM.O   a 
rt 2-4   | 

•nerc- is Sorna.  black  colored   «^-Sidue. (z&\d4i\StA organic^    o} -fk«. 
Mf\   OU+\ct por-fc.    U)t  will "H-v to f^jCouO" -+K»S  as  part of 
■Hvz. Wiln  uJq^W   solution. TK«. ash will be. rtcot*r«l orvd sc*td 

K\l<\ S^S+ero yja^K solution    z   4^.ß ^ 

So^ici   of   all produces   Trwv +KL. -ttatA. k-iU ie.*^ indudvrva 
r«.<^ir<-dl  Sarrf\&_ blends,  will be süb"i'Htd -for analysis   fxs +KL 

pru,cd   Q/\ plan. 

Journal entn«.s , data iWsy QfvdL <*. cavpukr cl^t c/  tf«, 
C£M and -hr^eraVu^. docta  will bn-Sorl to Paul  before "H^a. 
end of   "HM iwötfc.. 

^ofrt-j 16-2-7-93 



Si£4- \0-z^-<\3 

lizo     KJoTe '•   Dunn*»   "rtv». +irr>t_ ujU«n tKi. Oj.  citOtflScdl TO   1% ; ut 

<*>V\<.ch  CJXM Wvv«. «.^olutd   Otcejs  or«ot\'(c3; rcsu'^n^ in. 

\llo   -u 

I0*£   . K-U 

'V< fc-*CO-«ai*\o»      ^li<\rlTiu TOuJOyd'*^     \t-'o f 

^iV     Ve^c^ra^wJL    \^-V   <to»v\"V        «3«>cP(l    <L-fy-e<- 
\Y*CreOf&-, 

\ZSS r\<i«Lel   sor«.   vnsulcKerv  be>u«n "tW. ItiVn ood <lf 4«rk,rn«r . Tk«- 
+o*i«ra+ix--4Wt  oüq.5    3*.S#£.,ord. uK. UAxM +o mc^ist  I* 
+o   3SO*C 

ConW«v4  To cpera4«- a)   380-3<JÖ°C-.    PU+<ri*l   is ^\W 
boil»«v4   ft"ff   slowly '   r\o&+  »■£"   U)1«L+   PCrAa.tr> S    vi   +W  darK 

brown ^  "HvcV.   Would. 

cWW , brown ,  CTus-kidL   maiencvl. 

|405        °*o\dU  mcr«si«\«    ™*- TäJV^JXI,+V«_  »O   1OO°C     CjL«"r<n"fc 
4«r^*r<3.tur<_    is   fcS"0°0       CÜL     15    hsJoU)     0.3% , 

1411 K\ln    te~p«ra.-Kv<.   is-    1°CP'C.     Ujc  w\U    nol<J   a*  "Huj 
+«r^p«ra4wrt. -for    15->7   r^.rv^o,   as   IA/*.   cM   -Tor -HML.  -ta-S-V   Z. 

a) (oOo #c. 

S4art  our -Vo   Vulf\ •    im-V.«lU  3  O-OS   sc£o   "H^r,   ir,crc<is<.dl   +e> O.ISc<"rn 

CX)t  F*AIC*J  ä)   l.^S%  «n<A   is now  «Uo«**^.    Air llowu   "S*-+ 

■zC ?J 
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8184- 

aAafeMBtMtl&dbHftfe 

'O-ZC-13 

OkOO 

CHCO 

013O 

Prcoarifve  +Kc S^Wv -tor +V\^ -V^lf<^ OACA "f'fo.1  4cs+ <?-f 
-Hx   u*asJ«- p<a^+ic_   rntdia.. 

Luc ujill run +OJQ-JJ   -k.s+  si"u\or +o Test   •  end. Te_s+ 2-, 
<.YdÄp+   +Ka+   -Tir\(i|   carbon   turr\out    will   b*.  a)   70O°C. 

GrosV 'z44 0   ^ 

fejc ZOO, O  grarnj 

C€.r^   Or«- tejrvfi  "iSJ-ü«-^    Orvd   spanned ,     KJJ,   pur^u.    tS   ^ome 
"tlvuvgk   ^4,A  system,    lüe. be^cn  hcÄ^rv?   1W afWbur^tT. 

CrtOO     S+art   Viea+.n.   ^\n 

ttO 

C*31 

o^so 

K,In  ba.d +<pTS€ra.+ur«.   \S    300 a C,     ^o cKan^«.   in roa^wia.1 
o^paArcncc   0+hs.c  "tVvan a. sWghl:  3loss)> appe<a«"axic**. 

Kiln +emp«rq.W<-   vi   32.0°C.   The  mtv4<r, 

S^oto   SK^t   expansion. 

al    IS   ^«.Q>nr\«r\c 4o 

!OlS 

»C>ia TerAp*fe.Hjr«.   is   330 °C.     B«_d   e*.parui.or\  is  ©«.cor««^ 
r^o<-e   pnjiwrvwVt. 

Sad +evpEra.-Vur<_   is 3*äO°C.     fHaknal «-•wscn^o*   C£>v«"S>    %- o"* 

|o35      CorcVirnj\rv3 ~*0  run  Si about 350-3SC °C   •   rHa-teriaJ  o«.ponsi©e\ 

lloo      Th«.  IXJCJ +«nnpena.-Hjr<. rtAcKs^l    35 6 • 3&0   C , cndl VA*. SP**> OC 

TSrrpo-a.+v«. VA/ä 5   dcc*£Se<d   b«.ck "+©   35S°C; end   Ot ha_s 

FtaW-vd  Ws   t>ovlc.<i doux-.  be_lov-J -Hx- oo+l<-'+ pcr+ <n "^ ^U. "T^ 

,0-2X»-f3 

\ZL 

\3* 

14 

14* 

' •■\t'^^S!^^,ffl-' l^"ii^'' 



8184- io- £s-q3 

OOO 

looo 

JLfxrho.+x'NO   clefin*-f> o*  valr\ sy*"^^^  end. K.cov*rj of ta-S+ 
products. 

THS_  QO.S   scruple. 4rair\ -proclucj's out«- co\\«_cA«jd c^cL 

Kiln  UJCvght   •        Gross 
Tore 
KJe_t 

I04(e ,\ 
|Q4*-. O 

2 • I   aromi 

TKi.  |CvVr\   oot-k*   pcr+ Vv>5  roftxi. -tar -like  rtsvduc cm   4W_ 
ujo.lls#  UjV   it   isn't   iwy  t*\u<i\.  "TV^e. Q.SK   IS s»m\W   v^ 
aoo^orcncA. "to vT\«- asK o-f     IS-ST I. 

Ash   KJUxxstA   -   ''8 a ( baVji«. j 2.1 * 1-8 =• 0."i ^t^frro is Un resau!. UAV*CJ\ 

mill V*. t<co\je«jd ai kcit a<> poit\\A£» 

~Tö4a.l VQIIT^«- -   5o^- roJL 
TQ+A.1 uiejgKt   -    503.8 a 

■tVar\ "VW. GUW -£or<\ "l^st  1 

itfttKwva  -ft>c ctf-krburntr   (-iuiice^  u)/   0,1 W _Hkl03}    1+ was 
plotc<4   vfv 4W.  e.lcc.^tca.1   sW,l\ or\d  K^AA«!.   I h«_ black. <Lo\orcMor\ 
(jücis   r«rAou<jdL  by -Hns process, 

w-zs 77/ 

z*-**-"** 
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Vr. 

8vfe^ 10-2.2^3 

^4-0 

l^so 

ISOO 

ISO"? 

S2J0 

1543 

6ed   Wpa-aVura. '\$    (öGO°C.    CX)^ is    O. |4/0/0.   lüe. coil I 

hold a>   &oo°c . 

Tht.   C0^_   ojocentraVion  \z>  less ik^r»   Q.O^°/e>.   Uk. will 
sia/t  a»r -to -+W. Vula 5)   ISOS,    X "Kik^d.  vw/   Paul 
■SadW"   o^    FOGJ^, or\d  ULK agrtÄÖ "HvaA -V^«^- ^ nc» 
reason +0  hold +U, sorrpl«. •&*"   "Jo   ">«nuk$   Q.+ 

/W oa  5) 0.05   sc^\? +Wv ad|OS+<dl  "to O.i scf^. 

0<V»i^3+     CO^    is döu/A   Wo<x;    £). ES °/o.      Kilo   4«rTp«rG+0(£ 

COj.   ha 3   cir^peJ   bUöcü     O. l°/o.     £-*<i   +*s*.    Shu!   off 
PCAJUQT   ~W   V-_vVrv and a^A<a"torr«J" •  a'W Sö-pia. -+0 oao\ 

^ ^ ,. 22  ?J 

,0-ai-^ 

K 



8124- I0'2Z.-«J3 

12.* 5 

I300 

1350 

13S5 

lAOQ 

his 

H3o 

"£i  appears "Bvx^  fta. Oj. CorK£n4na+io<\   is r\ou)   staaduly 
«acrc^si^q.   T-f v^  ooKKryjcs "to do  xo^ uX. UM id  ir>o«a.£«_ 
4^ t»U   -Verr^ore^c*«-, ujK\cX_is  S + UI rur»fv.na   a.4 OSXJU^   3 S S " "2><»O0C. 

K»l«\ -Ver^enatu«. CjsnrVroUsr uXJS  increased   ^y    lü'C. 

k»r   SocoU Cylirxte/ ran locü  arvdl UXL ^Q.d.  "^o cjvo^qc"To C CWJLJ 

CTä..    UJ<L  loS-t   a»' -flöaJ   -to -t4\«.  a,-T4crbufcvtr "-for about    »S sxoodS. 

^J<- UMI.I nouJ 3+c"4 ar<i<iu4lU   »no^ai^«  Tftfocm^Ofe. CLS   Uola.4\\e_ 

TKc. "VOT5«.+  "^""^ ■^xjti+>-^«-   ^ Cö00°C . 

\>ie.   just txp«-i«nctd a ckcrcoic *n   ax^as corA<M -Vo ^ooi  2. /o. 

-H«_   k-vU -t«r-jxrc^LK<.  , end "tV Oj.   has   rtcoc/©cd  +o  aisovrf.  k °/o , 

S/zic«.    /33<2   ffa/)   // dW ydl4tr<l*f-     a/«-  Ccn^o/t<Lc/ 
ii  *+   About   35Ü-37O0C   yesfcrdcy,  and tf tas 
hem  *J  abooi   *X>°C   since   /3 30. 

Trw_ 4cr<T>«rc4ure. cx+ +\M«_ OU4\«JV   IS SUX-J^Y crxjl«0^, 

"H\*-  VVLA+  4ra,CC_   b2_*u/een   "Hs*.   V^\r\ <y\d.  a-fHerborrar. 

"TVsfi-   1^0.4«-^  rorxj«rx,r\«   iq 4T\*.  ^\ lo   is   +Ke. <i<srk. -troujr»  <Jr\cr, 

.aJl-VU    -hjüo    \r\diuidluQ.I    Spo+o   +\\acV   arc.   DL/^.^«    slv<aM\y. 

E*.W,s4   Oj.. \3 O.W-   13 %•    CP^   is    1.1%.   GrcJiuclU +4^-»^ 

thc_   +EH-pcr<s4o^.  up \<s   (oOO° C 

MoTe,   tV\«-   rv)arr>cx. 4Ä14V   ^cH  a   *\»gMly daraus o^rrcnCA. 5hür4Vy 

a^4ry-  oi>«. €j«.psr\«Aüui -^rV>a. dexrea^tei   o^qjerv- l"ta- s^^«^ -^/^ /^v 
i^ ^o(^n^^q   SKNOO^VW'  no 5V<?rv en   plus<;c<;«-, eic. ^«-f—        /p-zl / 3 7' /fyiffri 
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0^30      S^s^o-^   S2.V -up    is  naÄrly co<-<-plc.-*c„ .     GcS  GnoLZitrs C<- 5«-i*<j 

~00°C.      S\ari   G.ir   ^o   A'^   '     Vocuu^ fVp.    fOt ün a) 0-1 ^^ 

!000      5+art     hcx-V\f^   kvln.       /Vf+c/kjrr>cr   -Wr*-pcn=.kxe_ i $      "löO^O 

io4-"i      r<\i-Wva.\   vr\ WvU  v2 3   3Z.1 ° C.    X4   ^w.s  a flossy 

apfÄÄrc^c«.    bü^   hcii   rio-t S^a«4«^l  £*pand.r\q    vcA. 

OiponSion   ^   buiNQ   SCäT\ . 

11tO 6«jd   e_x^cr\stof\     \3     OouJ   cuL«r>nq        S.   «>f "^Vst.   V.i\(\   l«\eVt>, era 

^2,   of    He   ^'l*\  c\\«mc_-Wr.     B«.ci  -W-partv.Vort.  v:>    3*8 °C. 

E-*L*o5t   Oj. is     IO.Z.%    -(   (LOi   IS   5.3%. 

\\30 

TK«_   fc-ilr\   va(urrva_    (Ku^ki orvd   ^3^   |i   ■filled    u/ +^«fl» 

O^pcm«!«^ , -focr-vxf   r^c^^i-Kx^-    ^o S^avfiard color cVo/vOj-«. 

1 IAS      Tsr-^era+ur«-   Koldvr,,*   3    3SS"-^(»O'C.   rHoeW-al «Jt^cTmor,  IS 

3*-\U   -fiil^c.  "^Vvt. en-Vvr«. \c.\l»\ volwic*«^ av^ CL s*\*Al  pardon  Ka 

C^autt    0j_     is   rui»«^»rvA   a_*  ciout    Co.S- Q °/o .     Ufc- ^a<i 

or*, spifca.   of  CO   -to a!*out   3c>0 ppf\ , but  o4W«-uV.s«.  CJD 

Is   ruon»f\g     i^-Z.5   ppm. 

IZZZ A<A<A«_cA   Scr«>«_    m$ola-h£y\ "+o +^«_   qtaSS ^ubina   erf "+^ A-f+er^rrvy 

addir^«   vnsola^ton» 

1Z.30        Foar*\x   r<\i-Veri<^\   is dv^sipa+^g t ctxd  +UL vdur*\a,  in "Wa. K»»t^ 

l^ bdiou)   t'^A.   t" OCjflc^   f»or+.    Scx^a- 4ocJ"«\y   fA^-k/val    \S 

P^-SäA.'V   ir\ +K«_ OL^U.+  por+( ^c^ v^   »s  ci^SSipcL+vna CLS ue.H. 

TVN«.  "Fotjnv rr>Q.-Veria^ is \v<?K"V Wow<\.  Döj-tar, bro^n \\^ud  ton 

r 

r 

i- 

\<v 

h- 

\<v' 



8i8* 10-21-^3 

0&3Q        ßft.3.«   oolltC+v^ -^irvxl   products   "fro**    6*4ck ^vln Us!  I   (SOO0^ 

K,U  UJe^kt    •      Gross        \04-S.q 
lar«. 1044-0 

The   IOIA ouH<_t  Port Vos  some brcujn Colored  rner^taj  (orjonic) 

or>   »H uwUs j [>ui   ct  iS  not   muck. 

Tka_ ask is  ^rtan-^rcv   m  cflof.   Uk_ tx>ill rex£«j«r il -vium. +rc_ 
Li<a , ond «.wtigK-t   -rW cr^OuM  rtoxcredL. ^os-t of "tk«. 
ctsV\   IS  tcosc  and "Tree -Tlo-üw«? )  but  a. 3r>cl\ o-*\ouot   »3 
s+\ctv(\fl   4o -rki. Wü-n wall    TKV»   por-ticn  VJL^U be scoped 

out  -for  4o+o^ aiK  coll«_c_+\Ocv. 

tek r*.<jXRr«_ <J   :   l.C* 

K.U uxj^bt   U-SS  ask   :    1044-."J 
lü4*. O      Oaf«.) 

0. 3       n«jL  grams. 

TVx_   r<U\du«. uuill ^ «Xicucrcdi.  o.s bz.s\ a:   POIMUC at. V.vlt\ uJ^sL. 

^adcitaj   a.4 4^j_   »n\c_t -res +kt.   V diamcW 3ec_4ioo of 
"tta. af+erburner. Th«. Qir-nlt£--iuba. Hqd a sltgKl btrtld-up o"f 
brown color«-^ ra^er»«!   oA r*.  to+ \+  VUAV Kitry  Utt\e_. 

Kiln  s\js^ ^5 bu2n wastaA    *  Oolu+io* r^ootxued 

Solution OOlumc   =   4-&0 ml 
Sclu-hoa wevs^v.    s     4l8.^grar«\s 

Ö63Ö 

/ 

Lööci   cKsr2<_4o   kiln     ia   pAforoho^ -fo-   -fe^S+   £. 

Gross 12-44- O 
TortL 104-4.C^ 

Z00>0  grorni 

kjo-t    Tko.   ZOO .j chorda. "f\lW   "^ Va.U  -+0 <*. 
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A 
Si&4- lo -2.1-^3 

1500      CooA 

I530 

154 S 

IU3o 

IC3£ 

ICVJ 

rs   c\<iter\al   vs.   Savior   -to   +ko-*   SM.r\ S)    1^°,   ^°"*  SW^KVVy 

uJ«- vuitiyto   soo'c ot^ KeAd tWiar 30rn*v4c$ ©TIAM CO* < O.l %. 

*    AH Hka-t   pon*,   u*L will    SUJ»-V<lK "*UL   hiz.  pvrs«-4c> »" +© bur* 6ü+ 
+kt.   resictaal   cart«*.   TV«. SOMJU. u»iU fat- ru.1^   «a.-*   -fer^ptrAV«- 
UJ/  a^r   uaiv\ u*. o^ui\  sex   <10«.  * ©•I V«. 

Tk\S   cKar\<5«.   ir\   H*» -fest f*tr4ocöl  IMV iowes^odl  ^   b«U>U^ 
i_le»^a   of   i^H\€.S/   a\d   Paul Sod^cT  of  F0Cu!>,  on<i uj&s 

S4&rt    air   + ©      t.U.     T«r-fxrA-*wr«.   IS     S©00 <=--       C°i   ^O.Z0/». 

0 2.    >n <L^uSt   y^nV   -fro~%      lS-&%    "U     l8."2-0/o.        C.Ot    »S   studily 

^tr    ^  put   iS'     ^    j<W Oj. -   lSZ°/o       CP2,M.'2.% 

■tev^fOHjr«. vr*, -Vk«.  taU S> aJ&o<Jt   SOo° c 

IW  4ö  tvlrv   is   Ö)   0.1-SC^. 

d£>2. ,3 © o.8G% or\d ^iropp^q sWiv^.   Kita ask •^V»al 
IS   C.U   artV - <^rc^s\   i<\ Color. 

,(,-">' 

I?- 
aT-^r,ouf•«■ J   c^*-* -to cool  eucroigVvl  u>ci<r    Mt.   f^V-i   J^  <^^      A\ 



818*- io-ai-q3 

\Z.1S      Kiln   btd  +e<pc-4J^r€.  '•  ^1 ° C.    P\xW<oJ   «-xpansio*   l* f^ort 

12*0 

liSO 

130S 

l33o 

prOveunc*-^ •       Exhaust    0^    IS   t\nv\vr>«   ..U.S. 12.% . 

Ttryvahj*.   ' 350° C      Expense    u   ou<r -fry.   Uf*   "^ o£ 

not    W«n  OA.V  o«^antvof\   \ryVo  "Hx.  ^.vtfv otrtl«-*  por-V. 

£-*WuSi   0i     IS  rur\m^    8-lO%,    CJD^ \5      (o - 8 %. 
"TV^TOLVO^.   Wd^   a»    3SO - 3S^ *C 

r^a^\al    to   a   hogWt   o4   5)   tau*   3/* of iW ^-ir\d\ <^v<r*><3<r fcvWv 

(X.ck*   douA   +ö   +W.   1'ifvcK   Ou"UtA    port. 

is  pu^Kvso out -+V*.  fcula oo+UA  port. 

Foaxn   OOJtrr».   tas   «ÖcCreoXidi   +o <*W>Ut       2.   <y» "t**.  V-vl*   \r>ncr 
<i\«w»\«-+«r-   TW«,   is a.  SrrvalV or^oot   »»\ TVA. V-vl«\ ootU_+ 

"V^ä-   current   "Tvnx_ 

<*\ 

WOO 

\AIS 

i<WS 

TVH. -föc^^   p«o-Vinol  cx*vh^^x-S "To civ^ipoA«..   As  -f™ s  r<yiJeric^l 
boils    of-f    u*. CftA   t£*- "+W.   oart^r^ tHxck.   U^uvd  m^+crial 

Incr<.9'jtd IW  ^«\  oxArot sc^ po»r\^   to ■3"»i"°C,1 WN  3(OS°C. 
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■mn»n'»i   M >«iMHltHiilTt'r(ltl 

&iß4- lO'ZJ-^3 

TVM.  o.f+crburnc/   f i IUJ  r^jdlvo.   u>ü    bkxX   irv co(or  iVs p\orrvf\^. 

-    u) V+k     OX   Hz.0.   Tirvvs   prtx^duni- ulaS   P&r-f<yrn\£jd.   +ioicC 

Tk    fvU«r   r<va-dv a,   5MI  V\as   <x   blocV. Color.    Onc_   of "VU«_ p\<itS 
o4   -f\lWr   uksi   cMle.c4t.dl   and scuued    Xt can W.   a^i^y^d ^ror 

CW30       K.ilr\ -sv/s-Vo^ Wo   WA  uJasVvui  ovdL   is s»_V - up.   uk. ofß- curwiHy 

GfilikfCtf^o  Ik-  ^ft^'p-^fcn^iö* "for -fa_"test. 

|OOC>       Load   ^l<.^   tiVr> ' 

Gross IZ.«-*. ^   3 
Tor«. jQA-^-.Q g 
Ne4 ^oo. *  2 

KIOHM^  filW ieXes\ oA of aüen , and  pre.-ujejgWid.-   X+ vs nou) 

ft£4<;j-borr\cr   \t   VcÄ*lf><\ M>-   Current   ^sr^perctVorc-  is "7co°c. 

Uj*.  Qr<_    rouJ   cWc^vr^a    4V*.   V/S^em.  -for    l^xi^S . 

112.Ö       Start    Uacawr-v  puf\p-     Tn'iKaVe.   avr  S    O.S  '.cf^.      Mi.    su*Ltp 
iS   K_t    a)   0.1 sc.£««\.   (CW^d back pw d»*cL<sitoA iV  Paul  SoAV«/-) 

WZS        Star*    W.ift' Uä+MN^.    X^Hol  yUe f*»nk   WU\  <i*u   300 °C.   uJcwill rsofc 

\W<*      »Can  -W-jera^rt-   »5 up-   4o  2.35°C •    Oj.  »s   12.. 8 % ;  0>t*   2 3 % 

12ÖO     K.ln bui-b^aVu*.   is    Wö"^    ^o cVon-g«.  »r\ rnaVta\ app^c/encc. 
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8^4- IO-2.0-13 

\-V05 

i5o3 

\51S 

flÄ.4u*v\    1356  .and   1*<>S , ux. "Vri«jd -Vo pusK +U_  plastic rxdUq. 

die. tntd -to ÜS4. -Hvu tiU~E "Vo «do "HMS. 

The-   avjss   o-f pUi+ic "Hvtf  h<i<A no-*  voUM«i<ui   uja-s a.W 

ujai OON s+\Ooy, «c«\d icr^c o*" \\ a6\^i<si. -\o "Hx   Vui* X. 

"Terserc^uÄ  is inc/<ujs<Ld "to "2>80°C    EYIXLUH 0^ is    8-1°/o. 

ß*_d   W>"t«ra+ixe.    IS   'K»°C.       ^J«- lull*  Co*\+.r>v<. -Vo  6r\\Jt- a({ 

©rc©"uc   bv    inert.« S-uve   T«/«»<>crc\+»>x.   UI»NVV.«»   r'NAi'vt^-'Nuvc.   cD   ItftST 

Ih«,   rneto'O^   »^ "™^- kottafA of "nv*.   V*W> »s vjcry dpx\^ Wt***"t 

DcsorpWorv   -Ws-t    IS    r\«LOLr\ 

\S    Ar<oO"C   , Or\d   i-Ko r    is      l"3 */•   0^   vn 4K«.  o.^*u$ + . 

M3-«r   llHU_  -{rutlvnC   r»<v\orlA.\   ttKVA'nS   lf\ "W*.  VJAIX. 

1540 Kiln   ■U/'-fera.+j«L   is     SQ0°C     C£>^   concin^ra.-V<o^     is<0-l% 

Ftf\aA product   is a   bfULon-blcclf-; C^rrtd rr\c^-< a. \.   Scjr^tu. 
of   i+   lOGS broW». —r«_-fruv\ "Hv_ Dcfrto<A   of "VW VoA«\   (v*A\tt<_ 

»"V   hod adKtr^d^)     by   30o.^>if\«    il   uMK  +V\«_   ^^ He.. 

FInet   Rakjci   vUe^kt ' 

Qrrvzs l&0*.8 
Ta.ft IfiOCxQ 
Ue_* 4.^ 
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«ate« 

t*/ 

8184- 10-20-^3 

IZ4-T Co   has  ifWeavad   ^cu-pU cga""1-    ^   Wxs   Spiked   to 04  hvgk, 
as      2(*CO ppr*v 

02.- 8.0- S.5% 
GD^   S.O - 5.5°/e 

rentes   -Try^      4>-IO°/©     (X\   "fVuS    -t><^OT<Aur<-• 

Cha^d a.r supply ofli*d«r  to a^-krW.fxr.   /W  i^pv* ujas off-l.«* 

-for     ItSS    -rtvsrA      5    32-COAdl-S • 

1305 

,3ol 

I330      TU. -\otyo volume- has dtCrtw*^   Si^nficaa+ly , TWr*.  is sMl a. 
sr^aU   a^nt   a+ TW   ^vlo  ou+lcA   pori;  but tVvi. bcVc^e^ 
of +Ka_  nc^^   \s   r«t«..r«L<i   if> tW,    4--irvd\  d.cnraicr Sechen. 

TV-frc^t   3"'  of 4-U. t\ln   sMl Wai pks+vc r^avo. VW Us 
its   or»ci^<il    sKcf>e.  <a\d  eppeorovee- TV  cae>l"~^ *£f&.d of 
-H«.    ML    IS   pro^Wly  -Vke. cftui«- -?or  tbvi r*>dt<uM<^ r»o* -TrotU^. 

TW-   Vuln  -Wmpera^ort.   a* +W £^   ^^   ©*  tW   b*«\   l^4^ 
ZSÖ'C.   7>M$   nxu  r<usuK.d   ^  pull«^ tU -|W«*>a>upk. 

TVi4    b.lr\ T u)o ttan   rvpo%^<rcA 4o   i+s o-^>^   IOCA+ICX. 

133 7       TVu.  ^oer>  \10\vc~4_   \c\ +ku   ^ÜO    ts nouJ  dou^i to c^ouV    '&   °^ 

Uack.  end   Wry    lik,«* w«.   saw  t<\ tW«.-f,r j V  t«-ST ■ 

\345       Th«.   Oj.   is up+©   8.5 % crd. -sW.ly nsmg.   Ufe- art. 301*3 

+0    inCrt^S«.  tW   t«rr-p5rcckrt_. 

\3S8 

I^OS 

As +U.   "frothy   r^orWta)   ooctUcO to   bo'll <>f<"; +W.  nt£idc«_ 

T*ernp«roi^U'-«.   \s up  TO   J/i     C. 
^/?/^7 ^^? 

£^ 

■y^pw^rwy^i^TO.^ftagy^w1"» 



^mm ■^$^äSM3^£i ■m^^^.^^S§^^^^^^^^H^ti^&f^^^^ 

8184.                                                                              10-20-<ß- 

|ioo Bed   ■fe^piratU«!   IS    2S0°<1.       Uo   chcr^C    \f\   ria^criaV cpp<ßrtnta_ 

U32. 
aopeorarvco.    but "HM*/*,  ts f>ö   cK«\o<_    ir\   color . 

U&3 

- l\S8 

CNCVJU   <£      I Vb ° C-. 

iioo K>o   Si^'-Tic&ii   euo'u+ton   is  W^r>a  sein 4)    32.5-32.6 °C. 

■ Xn tit-« sc<J   CD^^oiy^r "\errpero^° f^- ^7 okoo*   5 C +0  350   C. 

!-L\=> v2?<£-<L vWiiX.^'^       ka_6      g-Kpa-*^-^     Appro* /**W»_TC/«J       ~bo°/o 

tAa\«j-.a\ color  V\a'-  f^ot   c.VNcrv^.<d.    TV»«. CKfarvUcJ   HM^cnal 

has    +W.   oppeororvc*.   crf  a -Trt>+U»i\« -\QGS^ . 

\ZJO 

about.    V3   o-f   +Wi_   k\\n. TVK_ vr\k,t stdc  3"Ml SWOLJS   no 

Soros,   crf  +WL   maVenal    13   £xc>an4^ry<>   ool   Cn   "HM.    4-- lOCJK 

k\V\   S^c>*or\   . 0J\d   v^ö   t+V.    I '    civoiT<_Vcr   oo^tt  port- . 

- 
I WO 

(jj^.   s&£   occasional   VXJTC+S   ejt OTPOXMC rcica'.>c, C»!    \r\ctiCol4CA 

by   erratic. f>t-cssur<- "flüctuO."^ons   00  "tta. qaugcs. 

\Z4Z_ U)i*K   Oj.   goi<v3  lotion   ^  '°,  no+vcasU«. \ocrcatic ^   CO   vs seen. 

C-O      Spiked    ÖLS    K«<iK   12      IOOO   W5(r>     wV    8   °/o   02,. 

^0 *h "-^ 

165 



tjfrä *—~—»_-^.. ■■ wkr^c. iWW^QAMMmrt*^^^ 

816* lo-Lo-U 

013c>       LOe. CJt. Ojrr«rtV\vj prepared iW. Sv/sVon -for ^ r*ut-V sHakUjdouün 

sloTt'-  The   -Vcr  residue.   rer^mi(\a   m+k_ lüU ^esW<Uy   u)a-S 

rü.Sidko£.  ui^s   con^^ciy   rcrNoot^l.   "fKa. osK   urtS SatCxd. 

Cfi'5       Proper >r\a  -+0   load  IoW • 

GfOS5 ZOOO, 1     Q 

Tart ifeOO.Q- ^ 

N«-t 2.0O,  ~1     Q 

UJ a» or«» cr\lw -W3+l«a &OO a -for-H«- purpe»^ of "W»«S sKafcccioum "k_S+. 

Uue. UJ\H usa. 0.3 5tfw\ Kl^ ai -Ha, tJn pLtfq«. -ha mows«. "H^ m«ss • 

uiill  "Tren^oft   "TVO^   "to  "+K».   Q-T"ferIxf^«J-   -P^sW". 

A^OCLI     ^2_    fl Ouj   IS "*_*   3     0.V1    Scfr< 

cms 

iOOö 

»OlS 

lüZS 

ICrtO 

104-5 

is     I3.fc>%>   b^   cfl\oJ<rhö*   o+   ioU-t   gas   -flow    f 0.2.1 Nt,0.Sa-<-) 

^oHi   tv^rtiix«   4T«.  Ser^at«. .    J_ru"Tv«.l   S«-t   po»nt      >*     2CÜ°C. 

Th«,   tiift wil\ not t*. ro-tat«.^ dünn a -fr^s -Vcs+. 

i^«.d   +sr^ra-hjÄ.    is  ^o*C.    P'os+it   rvvt^vo, \ocfe-5   "H*. so-«**, es 

ulWr» UM- p^fc    iV    in    "ttv*. k*il(\. 

Xnoc-aie-ci   V^'ln   control W   -Vo   2.3£ °C,   B«d -Wr»^sraWe.'ts 

V 

\z* 

\z*> 



en oo Tr«. bc-tch bin S^S*€r* "JaS cJtovuA Out v/tsWdau. ity. or5Wfcur»N«r 
u)o.s sent 4D Precision Glass -fcr rAodu-Tica-HorvS. Try. cur t<\(«.c+'of\ 
port <Yvd. "5E  port   wer€_ -fabncaVdL c^tcMv "to +ta- a-f+erburrvLT 
inlet.   Tta.sc   uK/*. p«i<ia»sly loaaVd of\. a   Co" ccnr*jC+or picc*_ 

-H\<x+  Hex^d   tW \ejlr\ +o -tW. cPV^rborder. THvs   pice*, has 
beerv  rer*>oo€-d    cad "Hv_ \cAf\ crvi a-f+orfcajTr*/ or«. KooKcdv 
direc+U +o«cmsr. 

~Th«.   forts,  o-^ "t"^*- of^Ww   loofc  U^<- '• 
air ir^tchon c<jvr<t   (■*  #D) 

TVtrn\otcvp\c port   ( V' iü> by 3   Ion*) 

Uk d* soured *^a- KvV\a\ sWik*.<Joujr\ 4e.s* OJ/ Paul SodW.Thi. 
*foUoujvt\^    Cor^t^cnt^/su^t^ors «-for "^>o_   Osod "+££-V  arc Q.% 

• Db  r\ot ra+aJ-*- 4WklU ; bca^Sc of epporerc* ju*.lLr\a erf ■ 

€Ahor\aL  "tV>t  rA&ten<v\   be_«^A pur^cJk out t^*- Wilf\ ouH«i. 

• Tbe. W*lf\ a$\3> qf+erturfvu- u»il\ bc_ t\oot«_(i dirccHv -ro^ciW, 
as disco sst_d, abcu«-. 

Paul suggest inoefiSi*« 4W. Kl^. -flow ■ ro^c 4o +W VoAr> 
■+0    0.3   ScT(A    ("frurv\  Ort   ScftAJ   .   A^WturfVLj  avr   U)il^ 

reifem   a>  O.S •SC.-tV'v 

H<.a4 +W. rMvioJ   "to  30O-3LS *C_,oncl r^oovW +U 
OfcVCO^- cos con^osAcrvs.   f^axivtAirA -tV^  Oj_ beH**£n 
to-\O0/o.    Xncj^QSc- "H*. ■Wrr^er«'^-'re s\^V>V^v (Z-J*CJ  \T 

O*. is   conSisWv^y ^W "t^ary    lO°/o , cro  o.cci«AStr "ftv«_ 
tcrrp^a+ure. K   oL   < L 0/0 . 

X-f -+L.  *>W*-f\U<r cJo+K urn*  s«.*l, uscHV zcr^a. "filler 
CVJAVCV. USldv   K\-^VVä.  of-fgaS   Sor«-p\\r\.e TTc'irv. 

• X-f   UÄ. Ka*«-  oojoruc c^yvicnsa^oA   u>W*. 41^. avx   ij, tr\je.rj<-d -^f) ' 
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ÖI&4- * IÜ-l<M3 

0<o30      UX. Or«.. dsSGSS«w^"\Q  +K<L ^lr\  S^:W^ -fur  vmf*LC*<or\ . 

TV boicK Va\r\ Confca»r\s   <* bUc_W,"Varry  tTLsidui. Tr\od   i's 
C«dhc«d,  -Vt> "t^fl.  fc^«>  uWl\s. TW.  ts no frtc-^ooin« or 

~H>_   Kit« 00+le.fc   port   (l" citc<-^e_+er)    13 r*_a-iy pl^cdL 
un+V\   j^aW'Ck.1   +Wx4   cpfCfifS "Vö bc   Vola.+a.lt'Le.d   cr^amc- 

-tKflcV had  re-döposi^cd  <n -fc^*- colder CT^ä, O-C +U_ cxH-^ct 
pert. TWc  is oov«  a   y*" diof^cier  Holt- m +ta. rcc£Adensi.d. 
arcana   UJW. -+W.   KJz. pur^e. tüas p<is$ir\^. 

TW. COoncc-^OrN  W+ujcflA "H«. tilrv  end o.-f-kr-Wjrr<r UÄJ CCxrtejd 

port  (o ¥<►- mck rMpole^   so-f4<sn«.dL   and beM  v€.S-VerdAy  donr.c 
+\vt  +e_s+. 

The qf-lerbLrf <\<r and saddW_s ar*. ci<ipn , bot K&ve. a 6or]o>raJ^ 
<jh\or   duc^ö   -V^«. VvLöd    (1l»Ö°C)   K\a»r>-Vaif>cdi d<jnr\cj \f£SkrdoY* j^A. 

Th«_ a-Tfe-lxKrwa-  ejtbu^t   l>r*-S "ta iW.  ^or^-x "h 14er or«-  Wade <W 
Sot^  cr\d   «jrxWrvcd   oo\o*lV«.S. "Th\s   resulAcd TTo«\ "hf^tS dur*«\<] 
"tW-fes-V -i4>Ät -fr«-   Oi.   C£^ctfttr<rVi<y\   -fc-U beiow Z.°/0) and "Hvj_ 
a.-f ■ier\jurntr  cotAö   r\öt   burfv a^ cf "^^ ar^emc. 

TKa»      MöTM-*    -fllW     Wyaag^    uV    t^tw'0«J    OrSOV«. * ,    ar^   UA* «««dually 

TV*. itst. 

Tb_  kllr\ rtdaJ«** uö<-sVüflAd cd cra*d    (^OO-jOO   yesk>4ay 
tu«. fvsWd -tad" c.  pöd 0+   ÜocV. l«p<{ <o -HTMJ_ toHw\ 

- o4  +W   fcilrv -Hva* UKIS VutkUirva  ^IOUJIY.   TKI-, eiöityally 
bu^fctedi   qiOAVj by  "H«. trd  <^ "Hc -ks*- 
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8ifc* 10-18-93 

KZ.5      t<iU   ootlft -tavpera+Urt  jus*  »r«fis«^i  sKarp^y •   OL   concfirtfc/-«x.+-vo^ 
drxjpxi^ "^o ctaov/t    Z.°/o.    K»^\  t«r^<ra4o<c. iv,    331 ° C 

Tka.   pla$Vic   riaAia. SVvlV  VKS <X S^vcJt^ and uue_"t apporarvoz^ 0°^ 

P\\:o , OM-<!ASG*'O^   vs -TOOTXA. Q.4 "t^c   h]en>o ^Uy ouVWV ,  Pa°r 

ft45 

if\^   Vvsi.  iwo    «+-ir»<Jr\   ^VOJJ   rvpffco   <y\ ^ •  "^W-s<-  <VppV<i ore. 

Sttavjv«- "^4. rwppVts  or«. «Wss# ux.   used   •Ve+xoft.   swo^eUid«--ulWv^ ^"& 
aUflcK. -H«. T <xd  gas   tr»v«j:  -Vo -VWMV.  AI4V005V   »oSoU4cJ/ "+V 
"WMOTX  TittvnQS Qcrt'  4oo ta+   axO-   ttlVd-    Ccns*<«vje\+\y ^ so«**«-  o*f "^*- 

IU3o        <^loMvns..^«>   "to bwf^  iwvWnal   otrt erf   "+***- Wn.     ler*po-aK»rc 1*   3BO*38iT   C- 

IC45       ~Inoo.C*- "te^-pcre^-«. +0    40ü" 4oV,*°c 

4-50 °C. 

'"^S       End   k.ii<\  \ejii.   "TV«, r<\erWia.\   re/»\o>ru~<» «\+W«_ lc_vV   »3 o». Ucct 
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6 
8184- IOM8-11 

ir<lprou<^   , aid  ^V. "3ZAS     15   gOod. 

Xm^ciU.    vac<jocr\ j*jrrp   +c  syt>krA.     S^er\   afie-burrcr   air -flou> 

aV   otou^    0.5   scffA •    Adjust-    pvr<Y-fieMJ  -ta conlrol   sys^^fN pr^-sso^ 

K,ln    vn\«J_,    l.o"       ;    kin Out***,   !•**    ,     Mornw   ouWe* ,  ' 0 . V 

»32.5 tvVrv up +0    <\Q°C. 

1335       IC«1»,-^MaroAuK»   is v>p "te   l"ll°C.   CWUnai \r\  ti^«\   has 4aW. <x 

1350       lik. Hook. +-K&.   <jorvb»r«xry ou+  of "H«c SVCAV*- «-"TW«-y U**- pwAdUaa 
"too  rr^jcK cool^Q.   T^»»  r>on*x  \n\<± \j>to.$  onVy rwv\,r^ a\s«wrfc  ^O*   C. 

"TK.   Scr^iW   pjr^   Is pwU««\a    ^oui     Q.S<o   Scir*N.   TnU_t   CoMs ox«- 

O.I  ^t. ai  T*A.  Mn   axi   o.s   sc^  a^<" a*  -+W «f-VcrW^er. 

K\\n.   ^rtSSu*-   i%     L"i " '    &.$•   \r\Vcl   lS    IS"   ^preU^tU d»Jt.+c» 

Air   «r\tr\j   cV    Son\&.  pcN*-. ^     Klo^jJ«.   (xfaJ*    >^   O.S-"   po&l"^*- • 

\r>s\dta- dvof^dwr •   l^o«a- of "tW. r^c^crio'   is -ft-ea. --fiew«v* . GS 1+ was (A w. STort. 

|AoS ^n  -tv^p   -    Zio'C, Qz.»    10.1% 

Cflt.s    fr.3 7» 

t4ög,        |C»U\  pr«.'S5U<.  rft«iifv«s  one. now* -fluCius?K*q Sf ra-HcftUv . TK\s   »3 poivUy 

!*Z.o        ^'n Wpero-tx. is   32S °C    Os.   ^os    inotascdi -to  1-^   co . "Turn op 

No(T«ot  -Vv\^cr   \r\Vti  -UraKr«Vuf«.  ii  f^ouJ    112.   C- 

1 ,    ,^dLfö-/8/n 
A 

dtyiJ0^ 

- \- 

mij, ^t^^jj^j^Hjwgauyww^^ '^»«i^-'j. >> 'V'xti <!ii 



&I84- lO-IQ. ft 

06i5 

OQ*rO 

(tfOO 

Prtpanrva  +Q   par-form   5VaV<dc*x)t\ -ks^   of   plqs-h c_ roedva. 

fejro  ood.. span   CJcJ^    < CDi f 0±t ,CoV.  ft«cor<}«ji -tka_ 

U)t arc rurvw\a  Q.   SCxofvd   TGA   o$   "tW.  plaS+vc.   m«JLa. 

-W*-p<*ra+ur<_s   i   K*i<A. -tV\«/«_ unUl  r\o-fur+Ker UXAOU+ loSS   >S 
Sam.  TV*, -first  -kr^*rG+uf<. uje. uMV herd +0  »i   32.5 °C 

loss   ^30^    vrv "thc.-f«-yV   TC>^ -VtsH. 

looo ^ P«j- project.   S37*^y «*vtidr»r>« uias bdi"V© discus« -fta. 

pro^rar«\    ond   orw  .spccu-Vi«.   Stt?«3y  procedures "+0   be TO Uourid. 
AtWidtc»   ere as -tollowj 

-Sjgssi UK. 

Lawrence. PO&y 

hta.fr^ ff\\*A^€^rf 

kaVrv -to  «fWkufTO"    V«ut. VAST». pr<JK££-Vvr\q STKSU about   0^30. 
AVfter-tueoar   »S   curreMV«   5) cfeou*   feOO° C. 

Ktlr\    Chcrgt '•     Gros* weag^-t Z019. $ o 

lOSO      5e_^    fj^    purge, to"O. I   SC-Tm     in t^ Cjlr\ 

loSS     Ö)    32.5 °C    .    0o<r     llS  CvrAj*«.-^    ^<T   */0    UU£ACV\+   loJJ    e*AwrrtdL    "T^C- 
SerrpW.   +arrY>«rQdtor€-  UK<,    vOCrC-GScd   "Vo   ^Oo"C,  end   tW_   UJClfl\\t    lolS    To^. 
0JQ.4    repvd. ~TVv_  SO^Iä   los-t   o\  oJidi'HorKU    50°/o   v>  aboo*    IO m^irts, 

)4^i^tt~   xv *y 
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-Jgwjjprtiaiü.i i^ jjfcj-J^yiftrf 

8i&4- 

r"-"^" -/<JW^J»l*thw 

lo-14-^3 

uut^e- recouc<i  aV   Wattn   Ve.skrdo.y after rtoor\. 

A "V«_s+ uxss per+orr<v.^ "+o dtAo-r^»o4. ~™s- uovd cd<r\Si^ of "+V«_ -fi lk»r fv^dicx. 
Sufficient   rOndxa u*r<_ loaded +ö 4  l 1 $radua*«- 4o f\VV vV "+Ö 
+h«_    ZJt   f\ar^.    üJ<i4«r U3ai addiui ro fill "tW. oo»d   spot«.; oc&,r> "k> 

Zl^duaH :   3 V TD  x   U*V'   high 

Volume öTMID r^ovtd +o +»U "iW. vtA-d volutvu c-f lv cMim« 

"~Rrt * I ••    Ib 50 mJL  ÜL0  -b-TU uotd 

TK\S  da+cL SKCMJ "^W    Z.X tff -HlUr r*«iv4   ccLotM.-fcr <y\Vy ctüut £0% 

ßlö4- lo-iS-^3 

pgrfcrrA  a  sV\fi\*je_«AouJiv "H-S^   or\  f*\cAd«.y, 0C3OVSJ-   2-1. 

TG^ of "iW.   plastic ft\uc   is  bt«p>A. per+erf*^.    A Second "T4Ä UMU b*- 
run  sucin -\WüV -tt>c Sarf>k. is ke&^-d   »a   ir<j<meMal sAc$>s *Vo r«\cr\itor 
oxjgVcfc  loss at mcf^flSftil.-fe^spvfi.iurt^, 

£-alibr<j^ifc>AS öT   a«s "flewwtdtr^  -+*verf<nocELp\o   prt.Uvrt 4a(^C4 ;wu^K solts^«. 

Coniiauous  ef^is&ttns  K>of\i+©rs cf«- ai'Up öTkdi will ke> Cßltbrakjdl   rOcftdky 
mornir»*  pnor TO "™*. sKateocwfV'"Kit. ■  y. 



■^MfiBwlffifim?ft mm 

Thi_   100 ^rom  pulucrrfcui Vvoid *5r<pU. uw* spli4 4o («judbu 0. 

BRPr\-D rAiy 

U«+«««vk^, fW^t, tU^ioj VaU, RCftA fTxia»s ♦ Be SbTi 

San«. <u ck*Ä \«s   CJ ar\d  K<M Ftsckr r\ois*u*_ 
(per-ttWj^ocj. corucrsaW u(/ Paul SA<JW on  lO-rj-^3") 

MOTS.-   MPntV* 
As- Rec£.iu€i4 PWic tfaW- QjpliCA+c   F\iY 

Screen aretysis   of-iV. as - recctuedi rvxkjffi- (ron-pU^en^udl ma* 
pcrTarr»«^   ,n duf>lvc<te.. Tta   10Q0 3 C.V*jr^<!_ shown on -VW. p«*ia>.S 
p5^c   was  splt{  \nto   *** M-.    "fuio   0-T -+V< ^jej-fer s>U-*j  uucr<- 

seitcUö -for   pcr+icW. svt£. (Vs^tajAvon. Tk«. oncosts  sKouod "Hvx^ 

( "IS mtcWh   Therefore,  onal^sis of "+W. r«w>OS  Z6O »<**^\   r«WiM 
bY hy^ro^cr   ^P41"  ASTH   D'H-'ZD   unl\ r\ot \x. po-^ormtd^ kecausc «f . 
"^ srtvoll wjc^Vct percent c£ pvwi   200 r^sk rv^cpaA. 

TY\c c**r«\\ renje o-f "tW. sot*^\< prlvcWstoe. IA>*$    I0r*cskx 400 <«xsh 

Bulk «denvk, of +kc_ scrnp\ts v*k;i dc+en^intdk cs "+QUOUJS * 

Spi.t * L 
loose. 42..^ 

4Z.C* 4Z.8 
4k. 3 

43.3 
41. Z. 

^       /o-/3-n 
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8(84- 

Sftt^PUt   fk£PARflnoj  P-OuOSHeET 
IO-iL-<t3 

1   i 
bt<nci I«N a 
V-blend(?r 

r-splvt j 

Split ——j 

r spW+  , 

bl«vd (ba« t UWJ) 

- 500o, 

baa '^ \<kel 

j Spirt 

~2>3 

blend 

SOOq 

bx«j Mabel 

1 1 1 
- lOO balance. '   ^w- ^       —3„,-a^„ . 3 

(«*noo 3^ -(of P.S.o. -       (* €A<J>V&3 iVefctA pu^ite. «\Uuckr u*lt cUar*i) 
W^ \ Wi\ b«3«Wbtl "50/30m U^c^c" jar and WibcJ l( 

*5Df5Qrn»*ta<_r<^xV* * * 5o/sömo(cK«-.b«ad snr«jAfc 

^7 

wr^m^^^^/af^e^^^^SWä^ii^9^^^  uw«p«*»Jf!HBP^ y&Hnmw 



riwfjfiftt !»*^fea?iäStJJl^^^i^ifl^'i'nii|l'''rt|'T' 'TT'     ~Vl^f1?^^^^^il^T^^t^^^^^f^^^^V!u ft'^r^^E^fflfrWS^fflfe^^T^-      i2 

8(&4-                                                                                     lo-n-qV 

"lest   Scr^Ats   (T^pcTLcod Tfpc^T radio} Uä«. rtC£jocjd a> Wa'fcen 
-f-Ki s Q-f-iernoof\. Tta. cWn of custody "form UJG* Svarcui by Uxr*w 
ttay , or>d  a.   Mo*rTtc<xt\crv of   W«s4c TreÄfr«*rrV -fern U)Q4 co^ldkdl 
for vr\Wnal UK. at. Ha^sn.   A -freaVaWWVy inwttas-forin UJ<JS ca+p<MA 
and iW sxf^ts UKJ«- togged   uj^W  «\4«n\oJ   Hatü>   id«\4tf\CA+ior\ 
rubbers. 

' 

* 
"Ctfw-OL rod*                   <l.S                            44»<\12.-I 
Tfjx. X i**A\*            .   10.0                         ^m-z. 

8/Ö4-    -         -                                                                 /o-/i-l3.- 

2cr^p(*~   pr<forCitt(J\   uUCS   ir\thci^_d  Today. 77«. f/«*fA«7 
an Wvc -toltau)>*G  f30*}^  s^n*xS  -tk-Sarrptc prtfarpf"* procedure., 

Pulixritifva "W>c_ mwcxd scr«-p\«_ +ö Q t^«. pa*»<Atr -tor ctamiooj 
cKoj-cctaritA^vcsn -«r>a*y5€^   pfauch di-pf iCulV. TKa. ma+cr«xl d\d 
not  wcrrfc   to  jxA^nte- Cfis^y .   S+<a^e_ puU*ni<rtior\ u>cs pa^rrcA 

pos^dl   a   ICX? rx.sK (ISO ^   sinitrv. 

f^ad*.    as   shouy\  O^ "^H*. G-fcx£.r*<r>'horit^    » IOVA) sk««rl . 
> 

- 
2?0.rtj 

* 10-IZ- 12 
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1^ 
~r- 

818^- IO-8-13 

Suron\sr^ of Sv^fvm^cnt proiteA  extras. 

• Ptojcci vs O^A«JÖ c*v Au^os*  Zlf \<W3 .   Paul "MdW (FOCJJ^ 

and- LarrNv  HYi^ CV^CICAI had a c«rera\ ^»o^rorA dvscusv.on 
^ -k^cp^ons.-for o.VouV 4-5 r*\ir>u*<LS. A 

• Eauproerrt  p^arä^cr»  (+V«. Wck Vulrv SVJSACT^ u>as \ruWed 
d(jrvr\Q 4ta -Tvrs+ wcxt. o-T $£pW*"iter. 

• fW SadVtr end Lar^ f^ay ^^ <*- p^00«- ca\v*rs<l4iof\ ar\ SepWiv 1* 
UJ*. ducussexi 4W' bin s«i -up, end agreed +o -ta. FocuS 
aid  ^<j"£ftA aisigan-ients -Tex preponix^ -UM. projcd- QA plans, 

• Paul ^cdV«r s«rvt -to WQ"£*A on SeoW^W  Ko; W43 ,4V s^icns 
of iW. CD A   plcns c% peered \>Y rOCJUS. 

0   On  Sq>AemW 2-3, 1^3, Larry fAa.^ s«M  4o FOOJS 4W- 
StcUons o"f +Kc Q* p\ara  as  pr&po*jdl by Hä."ten. 

'  On- SzpWkcr Zc\) Larry rVj s«M -to PoauS 4*. eddonoA 

• Or Se$»W«*e" 30> Paul Sad\er se\4 -*o Db*«J uoyd vf   rV*»r» 
/!^Vu:At-rta Energy  System* .(*H\ts\ "H>c draf+   Oft pWv$ 
-fa 4W program«. A Copy a*s© u&$ pföOV<K<J 4o Ha.'ZSV 

■ ■  . ■. ■ i 

• £cofd\n<*-^o^ -Qjr deJ»ucr>- of spent   pVa^ie r***^ "TTCTN  W*W fW 
Fore«. Ba*. (M*P<2>) 4©' Ma"C«y\ urn  iru4iatexi Sep^Wr Z*,W3.   . 

• £»^ci\ \J\S\ svs.l«r*\ se^+-up ccrvW*.s. T+   is (deadest 4Wd 4^*- 
a-f-lerburrvy 4© fe«. \jxji for GCTAVJUS-VIOTV O$ erbaue* €rrMlted-£cm 
4W f*a*Vic  Will U. <x 4-"\«i\ <tawkr * !(•" lon^ ^ucrit und y 

Sw^cr "to 4^«- dirr«r\Svor\S 0^4^. ba-VcK qucrl*. Va.V<\. 

• TW ssv^r 4?om   H*F& calkd"   Lvry n«.« a\ OdeW 4-,l^ 4ör 
4"ir\al coordi«\a4iorv <jf Sor^pW düiuvv 4o nalcn. 

• On OcicW Ö, '(4- um dtcvd«-d "+W quor+t -W»*g fo.n"0OX VL^ 

ujould b«_ u%€_d as filler r^tdva.-^ 4Vv«. aF4er^urf*r. "TW purpose 

+KL a-fkrtumjr. /p      /Til 

i"i ,>  -ivfti^iarv^^M^j^^iify^ii.ij^ npptnspqaa 



HKX Probet 8i84_ 
FOCUS  Ejwironrnentol ( i_ac, 

BakK-^iU "tß^Vm^ of sperrt pUs+ic rvoW 

Purpose. '■    Th*. purpose of -this projnorrx  »s+o perferrr\ chorxuVi^a+ion 
and bctcK fcttn -its+vo^ of -jpent jAasUc pxdva. -tHat 
Is us<jd for S^r-fp^o pcufvfc -Wa  rrulvtary aircfafH- 

TU. spent f^uiia  is a ft<£A uas-te. UJCAU*. of 

dc*em\»rv»_ cor\c#\tro^on 2> of   Rc&£ r^da\i  plus &L, 
T-^ond SV>   iry -tag. spent me-cLa. 0^»^a^-   prüxirnaU. 
or\d UeA^1^ VGVVJC . Od«?cfrai>lc crgcrxc Kalvdes s»t*_ 
ciis-Vrvbotvon, end VxiV- demvVy aUo w\\\  be. acWr^rvul- 

dc-kr^r*. -tVvc uxj.gW4. loii of Sor^W. as c -RjoeVtOA of 
i^er^pe--aKj«_; end -ft*, -f i^l asH tuagh^ as a peroen+cge» 
o^ "W sWV\na uxJ^Kt. 

Bc+cV* LVr\ -his+s u»il\ U.  püJK/'TX*.dk -fa ijjalv;a4<. "Hx 
cVvracfem+*c.* of 4W. f^«j(i\OL luWn -Ht^Vdl *r\ on *r<crt 
aWnpW, TK«_ -text  prt>5p3f«\ is. «rvVdnjd "ta dcJk/T»\»fu_ 
•fV«. -fa*«, of -*W. roftJboiV i -Rtr^ iV-tWr^o.1 +r^A+rrv^t . 
The procfi.24 apu.% -Gxn> "H^ -ks4  uiiU be poised "Hnx^W 
a   sa*pli«\«-tram4© ccnd<ns«. and CoU^d" "VVvc r^J^a\i 
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Offgas Metals Sampling Procedure 

Sample name:   Offgas Metals 

Location: Offgas from the Nomex filter 

Equipment:       EPA Multiple Metals sampling train; petri dish with paniculate filter; glass and polyethylene 
sample jars with Teflon-lined lids, graduated cylinder, balance. 

Procedures:      Exhaust gas from the test unit wBI be passed through a metals sampling train to collect any 
metals on a filter and in an absorbing solution. 

The sampling train utilizes a heated, low metals content filter and a series of five chilled 
lrr.pfr.gers. Impinger 1 will be empty and will serve as a moisture knockout trap; impingers 
2 and 3 will each contain 100 ml of a 5% nitric acid/10% hydrogen peroxide solution; 
impinger 4 will be empty and will serve as a buffer to collect any carryover from impingers 2 
and 3; impingers 5 and 6 will each contain 100 ml of 4% potassium permanganate/10% 
sulfuric acid (these two impingers will only be necessary If mercury is determined to be in 
the starting waste), impinger 7 will contain 200 to 300 g of indicating silica gel weighed to 
the nearest 0.5 g. 

When the test is complete, the samples are recovered as follows: 

• Paniculate Filter - The paniculate filter is removed from its holder and 
placed into its original petri dish which is sealed with tape and placed in a 
plastic bag (Container No. 1). 

• Inlet Rinse - The internal surfaces of the front half of the filter holder (i.e., 
ail glassware from the Nomex filter outlet to the offgas sampling train filter 
inlet) is cleaned by rinsing, brushing, and final rinsing with exactly 100 ml of 
0.1 N nitric acid into a separate sample jar (Container No. 2). 

• Impingers 1,2,3, and 4 - The liquid contents of impingers 1, 2, 3, and 4 are 
volumetrically measured to the nearest 0.5 ml or weighed to the nearest 0.5 
g and placed into a separate sample bottle (Container No. 3). The U-tube 
connectors and impingers are then rinsed with exactly 100 ml of 0.1 N nitric 
acid solution and the rinse is added to the sample bottle. 

• Impingers 5 and 6 (mercury only) - The liquid contents of impingers 5 and 
6 are volumetrically measured to the nearest 0.5 ml or weighed to the 
nearest 0.5 g and placed into a separate sample bottle (Container No. 4). 
The U-tube connectors and impingers are then rinsed with exactly 100 ml 
of 8N hydrochloric acid solution and the rinse is added to the sample 
bottle. 

• Silica Gel - The silica gel contents of the fifth impinger are weighed to the 
nearest 0.5 g. 

• The following blank samples will be collected once during the test 
program: 300 ml of the 0.1 N nitric acid solution; 200 ml of the nitric 
acid/hydrogen peroxide reagent solution; 100 ml of 0.1 N nitric acid 
solution; 200 ml of 4% potassium permanganate/10% sulfuric acid 
(mercury only); 100 ml of 8N hydrochloric acid (mercury only); and one 
unused paniculate filter. 

All of the sample containers will be assigned numbers and labeled with date and test-run 
number. The samples will be turned over to the sample coordinator who will record the 
appropriate data in the field logbook and transfer samples to the lab personnel conducting 
the required analyses. 
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